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LECTURE VIII. 


The Nature of the Sun and its Pabulum 

inveftigated. 
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SECTION I. 

Neceffity of Fuel for the Sun : Qualities 
thereof: Comets not adequate, nor 
deftined for that Purpofe. 

I 

' VV E have proved, in the fourth lefture of 
this Work, partthefirjiy that the fun muft be a 
luminous body of a fiery nature, endued with 
its own native heat and light* In the feventh 
ledture of the fame firft part, we have alfo 
proved that light is a continuous flowing body, 
whofe parts are in fucceflive generation and 
confumption ; that its motion is in orbem^ and 
its motive force the e^panfive vigour of the 
luminous body, by which it is emitted and 
protruded, not by diftindt impulfes, but by 
Vol. II. B 
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a conftant and fucceflive preffion of new born 
matter iflliing from its folar fountain. This 
being fo, it ncccffarily follows, that he muft 
have a perpetual fupply of alimental matter 
flowing into him for the prefervation of his 
magnitude and the replenilhment of thofe im- 
menfe and unremitting efFufions, which he is 
ever pouring forth into the furrounding fpace, 
to warm and illuminate the planets; for we 
know from experience, that the light of a 
candle, lamp, or fire depends on, and emanates 
from the flame of each ; and we know alfo 
that this flame is nouriflied and fuflained by a 
pabulum or fuel, which is confumed or wafted^ 
according to the quantity of light that ifllics 
from the flame ; and that, when this food or 
fuel is exhaufltd, the flame expires and yields 
no more light. Experience, therefore, (hews, 
that a conftant efFufion of light depends on a 
conftant flow of alimental matter to fupply 
the wafte of the efFufing flame. And without 
confulting experiment, from the didtates of 
reafqn, grounded indeed on a knowledge of 
nature, we might at once pronounce, that it is 
inconfiftent with the nature of body, to retain 
its magnitude, quantity of matter and vigour, 
while it efFufes its fubftance, without deriving 
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from fome convenient fource a fupply equal to j 

the lofs it fufFers by fuch cfFufi )ns. From 
reafon, therefore, analogy and univerfal ex- 
perience we muft conclude, that the fun has a 
conftant fupply of aliment, to prevent the re- 
dudlion of his magnitude and vigour, and to 
replenifh the prodigious zrid unceafing effufions 
of his fubftance in the form of light. For to 
fay that fome innate virtue, or immaterial 
quality reftores his magnitude and quantity of 
matter, notwithftanding hip perpetual emiffion 
of light, which we have proved to be a mate- 
rial fubftance, would be an unphyfical and un- 
intelligible notion, contrary to the fecond and 
third propofitions of the firft Lcdure j and to 
fay, that this is performed by the conftant care 
and diredtion of Providence, is either giving no 
explanation, or feigning a new and perpetual 
creation of matter contrary to experience, and 
inconfiftent with that perfedion, which the di- 
vine Wifdom and Power originally gave to the 
great machine of the univerfe. 

In order, therefore, to inveftigate the nature 
of the fun's alinientary matter (which has 
hitherto continued in the obfcurity of nature's 
arcana) on account of the immenfe diflance of 
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the fun, wc mutt proceed by analogy, and. ex- 
amine thofe fuels and paMa of fire and flame, 
which are >yithin our reach. Of thefe the moft 
ftriking and confpicuous is gunpowder, of 
which fuch is the inflammability, that any 
quantity of it, when dry and fi mated in open 
air, being touched with a fpark of fire^ will in 
an inftant be inflamed and confumed. The 
firft obfervation that prefents itfelf on this 
phaenomcnon is, that the heap is not burned 
through in a diametrical dircftion from one 
fide to the other ; for in this cafe, grains would 
be fcattered on both fides, and the flame would 
not aflume a fpherical form ; neither would 
the explofive force adt, as from efFedls it is 
known to do^ by a central repulfion of equal 
vigour en every fide, but would urge in for- 
ward diredtion, as does the fire in a train. 
This may alfo be inferred from another confi- 
deration ; flame is enlivened by air, and dies 
in vacuo ; and powder may be confidered as 
the digefled food for flame • confequently when 
it kindles, the flame ftiould fubfift between the 
air and powder, in order to be fed by both : 
and this is perceivable in other inftances; for 
if a bowl of heated fpirits be fet on fire, the 
flame continues on the furface of the liquor^ 
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nvhcre it at once enjoys the 'air and the fpirity 
and feeds on both. In powder it proceeds m 
the fame manner, but its mode is not difcern*- 
iWe 'y for, with a rapidity equal to that of ckc- 
tiicity, the flame t& propagated round the fur- 
face of the heap, and prefled in on all fideaby the 
fusrounding air with a moft violent canatus to- 
wards the centre, where thefe concentrating 
efforts of the elafiic flame produce a centrifugal- 
lepulfion exhibited by the fpherical explofion*. 

Hence we may judge, of the operations of ai 
permanent flame, which may hereafter illufirate 
the nature of the Sun. This flame, that of a. 
candle^ fpr inftance, is furrounded on all fides 
by a vault it moulds for itfelf in the ambient 
air, whofe preflure confines, and whofe ^irit 
enlivens the embofomed flame. In this aerial 
furnace the flame aflimilates the tallow or fuel 
to its own form, and then fublimates it to the 
eflential purity and extreme attenuity of light. 
But (hould not thefe exertions to transform its 
fuel diminilh its torrifying power,, and abate 
its expanfive force ? they certainly do ; other- 
wife why (hould gunpowder be fo rapidly 
changed into flame, while the confiimption of 
ft candle is foflow and gradual? the difference 
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drifts from the natiire of the fiiel ; for the pref- 
fare and enlivening fpirit of the air are common 
to both : the caifdie, though fuel, is not eafily 
ttaUfsformed as the powder, which being as we 
hav6^aid, ready digefted for^ame,is norefiraint 
upon the expanfive vigour or conTuming power 
of fire: t)ut fuel of difficult digeftion wU not 
yield much tight orhdat $ becaufe theeKpanfive 
vigour, which ihbUld fend forth both, is em^ 
ployed and fpeht in transformation* Moifture, 
we know, is a clog to expanfion ; and a great 
humidity will entirely prevent burning, for 
Which reafon, gunpowder, wWdi, when dry, in- 
flames inftantaneoufly, will, when damp, only 
eniit a fteble glow without heat Or vigour. The 
fame thing is obfervable in every -other kind ^f 
fuel, as tutf, wood, coal, &c. which fliews, ihiit 
inprdportion as fuel i^ hard to be confumed, it 
becomes unquaBfied for yielding heat and light. 
This is alfo true in the converfe ; for of difFerent 
kinds of fuel, fuppofe all equally dry, that, which 
buriis^moft readily and lively, will difFufe moft 
heat and light. Wood, for inftance, or turf, be- 
ing eafily confumed, will, if well fupplied, make 
a moft bright and lively fire ; and chips, be- 
caufe more eafily transformed than a block of 
the fame wood, will emit more flame. 
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From fuch effefts, along with other obvious 
confidera lions taken from common and univer-. 
fal experience, we may judge, what fuel will 
be of the eafieft digeftion. Along with the 
fuel nature, which confifts in an unftuous or bi* 
luminous fubftance, the matter (hould be dry, 
of a black colour, and neither deftitute of 
heat, nor of an intenfe or heavy confiftency. 
It (hould be dry, for moifture cxtinguilhes fire 
and prevents kindling ; no fuel can be enflam- 
ed until the moifture is evaporated. It (hould 
be black, to abforb the fire or light that is ap- 
plied to kindle it ; for we find that wood, pa^ 
per, cloth, linen, weeds, plants, or any other 
combuftible matter, whether white, green, red, 
&c. muft all turn black, either by flame or 
fridion, before they kindle j as if every con- 
Crete fubftance of thefe bodies ^^ere a repel- 
lent to light or fire, except that of a black 
colour, which by its nature abforbs both. We 
find that black cloths of every kind are warm- 
er than thofe of any other colour ; now the 
fubftance and texture of thefe being the fame 
in every thing elfe, the difference muft be in the 
matter of the dye that makes them black, 
which abforbs the matter of heat abundantly ^ 
and even to a'ccelerate the burning of fubftan- 
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CCS, that are not black, before they are expofed 
to the mirror or burning glafs, their furfacc is 
covered with lamblack, foot, ink-powder, or 
fome other black matter. It is needlefs to add, 
thai coa), turf, 6cc. deftined by nature for fuel, 
are of a black colour, as are alfo tinder and 
gunpowder, the moft inflammable of all bo- 
dies. A flight heat is another ufeful quality in 
fuel. Redified fpirits, we fee, when fomcwhat 
heated, kindle with a flame as readily, as gun- 
powder kindles with a fpaik ; becaufe a mode- 
rate heat, as well here as in other fubftances, 
awakens the elafliic fiery matter they contain, 
which, having expanded and opened the parts, 
catches and introduces the external flame, as 
the vapour of an extinguiflied candle will lead 
a diftant flame to the fmoaking wick. Excef- 
five denfity is inimical to fire ; fuel, in general, 
is of no ^reat fpecific gravity ; wood and turf 
are lighter than coal ; and good coal of all 
hard foffils isr',the ligbei|. 

• » • y I 

Thefe qualities, therefore, fliould be the cha- 
radtcriftics pf ;CometS, were they defigned by 
the Creator as fuel for the fun, to preferve his 
lijght, heiat, vigour,* and magnitude. They 
ought, like bur coal, to be black, for the ab- 
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forption and retention of the foUr light and 
heat, which would warm and agitate their com- 
buftible matters, and thus banifli that humid 
atmofphere ihey are fuppofed to cpUeft and 
bring with them from the frigid regions of 
Aphelion, which would otherwife damp the 
folar flame. Their accefs alfo, for this purpofe, 
fhould be flow and gradual, and not fo rapid as 
their motion is obferved in Perihelion. Never- 
thelcfs, their colour is not black, but of a duiky 
bright or golden hue, like amber, which is a bi- 
tuminous combuftible matter, lighter and lefs 
denfe than coal, and therefore, I apprehend, 
more quickly confumed. If comets then were 
the only fuel deftined to fupport the fun, being 
at the fame time, as we muft conclude from 
appearance and analogy, (for fanciful hypothe-* 
fes are not to be admitted) bodies of amber, (a 
q\iick tranficnt fuel) they fliould be more nu-* 
merous than the ftars. The fun would require 
more than one for his daily wafte, according to 
what we experience in a candle or fire j for 
the latter will burn each day more than its bulk 
of coals, and the former will confume a quan- 
tity of tallow far exceeding the fize of its bkze. 

Now a thoujfand Comets would fcarcely make 
a body as large as the fun j if, therefore, ihey 


•I 




lo NATURE AND FUEL 

be of an hard bituminous nature, like amber 
or good pit coal, a thoufand, at leaft, would be 
neceffary for the fun's dally fupport ; and we 
Ihould every night fee the heavens crowded with 
blazing ftars moving towards Perihelion; fo 
that comets inftead of being the rare phenon^e- 
na of fixty, eighty, or an hundred years, would 
be as familiar and confiant appearances as the 
fixed ftars themfelves« 

But to obviate an obje^ion, let us fuppofe, 
with the common opinion, comets to be the 
moft denfe and durable matter in nature ; fa 
that the few we fee are fufficient for the fun*s 
prefervation. In this cafe they would be a fuel 
very improper for the fun, as his expanfive vi- 
gour fpent, according to foregoing remarks, in 
diffolving the ftubborn mafs, could difFufe nei- 
ther light nor heat in any abunds^nce ; particu- 
larly on the arrival of a new comet, vegetables 
and animals muft perifli for want of heat; 
for we find vaft dijQference between the heat a 
fire affords when coals are juft thrown on, and 
after the coals have kindled ; it is at firft dark 
and feeble, afterwards bright and ftrong; and 
its latter ftate of vigour fcarcely lafts twenty . 
times longer than the weak nafcent ftate of its 
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growing heat and flame. A comet, therefore^ 
of fuch denfity as to ferve the fun for twenty^ 
fixty, or an hundred years, fliould certainly rcn*- 
der him duiky and defeftive for two,, three, or 
ten years, before he could refume his ufual 
firength and fplendour. This (hould be the 
cafe, particularly as they come with fuch rapi- 
dity from Apheliony charged with cold and 
moifturc. Nor fliould the want of. heat and 
light, thus induced by a new comet, be partial 
or temporary,, like that arifmg from interven- 
ing clouds or freezing winds ; for the wHok 
earth fliould be deprived of the fun's enliven- 
ing heat and benign influence, not for a montli 
or (eafon,. but for years together. Famines 
then would be more tedious and fevere than 
tbOit of Egypt,, and the defl:ruftion of vegeta- 
bles and animals more univerfal and fatal than 
the plagues with which that country wias af- 
flicted; ' Famine^, peftilence and defblation 
would, return periodically every fixty or an 
hundred years with each new comet to be con- 
fumed. The fun alfo, thus periudically renew- 
ed, fliould be as changeable in vigpur and luf- 
treas the phaiis of the moon-: hiftory 'would 
be fwelled with direful prognoftication ; apd. 
mankind would. fliudder at the approachiiigob^ 


19 NATURE AND FUEL 

fcuratioa and wane of the fun. But no, than|: 
heaven! the Creator has made every thing per- 
manent and adequate for our comfort and pre- 
fervation. And if He has appointed a pe- 
riodic variety and fucceffion of feafons, it 
was to render life lefs irkfome. The fun and 
the air, on which life and vegetation depend^ 
are permanent and unvaried, except that the 
latter changes its temperature with the feafons : 
we eicperience not thofe fad viciflitudes, thofc 
general calamities, and direful privations of light 
and heat ; on the contrary, we find that, if one 
part of thfe earth, from intervening clouds, nip- 
ping winds, or continued rains labours under 
an accidental and temporary diftrefs, other 
parts are fo bountifully indulged with heat, 
light and vegetation, as to fiibfift witb^eafc and 
allevi?ite the diftreffes of lefs favoured climates. 
A general defedtion or failure in the principles 
of ;iature, even to the heathen philofophers, 
feemed inconfiftent with the exigence and per- 
fedtionsof the Deity. Hence, as we have before 
remarked, Dionifius, on the day of the cruci- 
fixion, feeing an obfcurat ion of the fun, whicK 
could not be an eclipfe, pronounced; tJwr world 
at an end, or the Deity under violence ; whereais, 
in the fuppofition we attack^ that darkhefs^ far 
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from being uncommon, Ihould attend - the in- 
grefs of every comet to the fun ; but the fadl 
is, that was the firft obfcuraiion of the fun 
that had ever happened, except in the cafe of 
an eclipfe, which is an interception, not a priva- 
tion of light ; we muft, therefore, upon the 
whole .conclude, that Comets are not the fuel 
deftined by Providence to fupply the fun's 
wafte, and preferve his quantity of matter, 
magnitude aiid vigour. 


M.^H''<^i^^ > .»..>»|i.| » 


SECTION IL 

The Nature and Compofition of the Sun in- 
veftigated : the Conjeftures of Sir Ifaac 
Newton on that Subjedl corrcAed. 

HAVING proved the inconfiftency of the 
only conjecture, which has hitherto prevailed 
with regard to the fuel of the fun, we (hall 
now continue our inveftigations, in hopes of 
difcovering a more natural and adequate fource 
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of his vigour and permanence ^ but iirft it is 

• 

neccflary to form a juft conception of his na- 
ture and compofition. The expanfive power 
of the elaftic matter has been repeatedly exhibit- 
ed ; but its efFedts are no where more confpicu- 
ous than in Papin's Digefler. In this confined 
flate, though damped with humidity, when 
expanded by heat it fweils to the fall dimea- 
fions of the veffel : here it is driven back from 
all parts to the centre by the unyielding metaU 
and forced to work violently on the fubjedts 
enclofed. Thefe contained bodies^ therefore, 
it penetrates on all fides, pervading their moft 
intimate particles, and fo irritates their concrete 
fires, that they break forth, diflblving the moll 
minute and intimate ftamina of the bodies, in 
which they were contextured. The fires, thus 
enlarged from 'he moil intimate and minute 
parts of the body, but at the fame time con- 
fined within the veflcl, form a mod elaftic and 
penetrating fluid, whofe violent reverberations 

diiTolve the other fubfiances, and reduce all to 
an uniform jelly . 

Such alfo are the efforts and contorfions of 
gunpowder flame in the chamber of a mine 
or piece of ordnance, except that they are 
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more forcible and rapid, the elaftic matter in 
thefe inftances being more fublimated and un- 
reftrained by humidity ; for the ball or incum* 
bent weight cannot be thrown off, until the fublt* 
mation is performed, and the expanlionisinforce* 
Indeed thefe operations are inftantaneous ; how- 
ever we muft refolve them into ftages, in or- 
der to form juft ideas, and render them fuf- 
ceptible of explanation. The flame of a candle 
alfo operates in a fimilar manner : this, we 
have feen, is a kind of aerial furnace, where 
the taltow is elaborated into flame, and again 
further fublimated into light through the pret- 
fure and enlivening reverberations of the air, 
with which it is furroundcd. All thefe opera- 
tions are produced by the fame eflential caufe, 
to wit, the expanfive power of the elaftic mat- 
ter, which being fet in adtion by heat, ' and 
counteradted by fome confining force, reverbe- 
rates more or lefs forcibly, and, by its power- 
ful aAion, produces the various effedts here re- 
cited according to the circumftances in which 
it operates. In the digcfter a ftrong metal pot 
was the confining caufe, which, being power- 
ftil, the reverberations were proportionabiy for- 
cible ; but the moifture abated their force and 
determined the nature of their effeft. The 
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reverberations of the gunpowder flame were 
alfo adequate to the reftraining force, particu- 
larly as they were not clogged by moifture j 
and fuch is the connc6lion between the (Irenglh 
of the reverberations and the compreffing force, 
that a gun ill rammed will make but a feeble 
difcharge; whereas, if well rammed, it will 
explode with great force and a loud report- 
The flame of a candle is lefs compreffed than 
cither of the former fluids, and its reverbera- 
tions are therefore lefs violent. However, it is 
compreflcd on all fides by the weight of the at- 
mofphere, which counteradts its expanfive force, 
fo as to caufe reverberations capable of elabo- 
rating and transforming the tallow into flame, 
and farther fublimating it into light. From all 
which it may be inferred, that the improve* 
roent of expanfion to any degree of force, de- 
pends on the compreffive force by which it is 
coumeradted. 

CONSECTARY. I. 

If then an immenfe expanfion be neceflary 
for, or really difcovered in the fun, he (hould 
be adled upon on all fides by an immenfe com- 
preffive force, as well to give vigour to this ex- 
panfion, as to prevent his exploding, like gun- 
powder in the open air. 
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The fame inference may be drawn from the 
confumption of his fuel ; for to digeft much or 
difficult fuel, ftrong reverberations arc necef- 
fary i but ftrong reverberations require a ftroftg 
compreffive force. 

The flame of a candle, though afted upon 
by a preflure, which fliould feem uniform, is 
not however fpherical; becaufe, naturally af*- 
cending, it rarifies moft the air vertical to it, 
and by thus dirainilhing the preffure in that di- 
redion, moulds for itfelf an oblong vault ; but 
the flame of a candle juft after being lighted, 
as well as the fparks which are ftruck from 
flint and fteel, or which fly from fiery glowing 
metals, are fpherical, not having had time to 
rarify the air immediately over them. And 
doubtlefs, every kind of fluid which has not a 
propenfity to afcend, or to flow more on one 
fide than another, being equally preffed on all 
fides by the air, muft be globular, as are the 
bubbles which boys form by blowing foaped 
water from a tobacco pipe, and likewife thefe 
made by glafs-blowers : whence the fecond 
confedtary. 

Vol. II. C 
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CONSECTARY II. 

Since the fun is fphcrical, the ppeffive me- 
dlum, deduced in the foregoing confeftaryy 
with wluch he is furrounded^ muft be uniform. 

Every body within our knowledge and ex- 
perience, which is naturally luminous, that is, 
which eflfufes light and heat^ is a liquid flame ; 
for fuch is the luminous part of a candle, lamp^ 
fire^ or any other cumbuftible matter that yields 
light: burn thefe combuilible fubftances to 
afhes, and, unlefs thty flame, they will afford 
no fignificant light. Iron, coal, foffils and ve-* 
gitables^ if they burn without flame, altho* they 
be red with heat, afford a light fo dim, as 
fcarcely to illuminate a body or fpate quite 
contiguous. Some bodies will confume to 
afhes without being red, and in this cafe they 
will burn a body in contact with them without 
illuminating it : whence a third confe€tary ap- 
pears evident. 

CONSECTARY III. 

Nothing but liquid flame can emit light and 
heat to a diftant body or fpace. 
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Even inflaitimable matters^ fuch as oil, tallow, 
pounded ro^in, fulphnr, or gunpowder, when 
laid on hot iron, may burn, ind yield a dini 
glow, but will not give a fignificant light, until 
they kindle into flame. This liquidity of flame 
mighfhave alfo been deduced from our obfer- 
vations on the flame of a candle j for the ex- 
panfive exertions and reverberations, by which 
^lone the wax or tallow is digefl:ed in the 
wick, and elaborated to the form of flame, 
are operations only imputable to, or confiftent 
with, a fluid fubftance. 

It is fo alfo with light extra^ed from bodies 
by friftion. Two pieces of wood, as befofe 
remarked, when dry and brifltly rubbed in the 
open air, warm, grow black, and fome tinie 
after kindle ; they may grow hot, indeed, on 
account of the bridled ftrugling motion of the 
claftic matter crouding to the fridled parts ; 
but do not flame, until the elafl:ic matter ftill 
more excited iflues forth in copious fume. 
This fume of the elafliic matter, vellicated arid 

4 

enlivened by the conflift of the air, begets 
flame, which will alfo happen if this, or any 
other fuel be confirted in a metal veflel on the 
flire i for it will there burn, but will not blai^ 
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until the air is admitted, when the clafli, or 
' concourfe of the flame and air immediately 
begets flame and light. 

Thus in both cafes flame is generated, which 
at once feeds on the fume, which gave it birth,* 
and refines it into its own form, in which only 
it can give light. It is after the fame manner 
that the tip of the denfe hot vapour which 
iflues from wood or coal on a brifk fire begets 
flame, which then (hoots along the fteaming 
vapour, until it lays hold on the fuel, whereon 
it will fettle, while fuftained by the fumes that 
iflue from it; but as foon as thofe efFufions 
ceafe, the flame will die away- and leave no 
remains of the fuel but inert aflies : whence 
two other confeftaries. V 

CONSECTARYIV. 

It is not the inert, but the elaftic matter of 
a body that turns to light, and forms that 
ifluing fume, which, according to Newton, 
turns to flame. 

CONSECTARY V. 

Flame alone can be the fource of native 
light, whofe degree of fluidity muft be pro- 
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digious, fince it exalts and refines its parent 
fluids, to wit, vapour and air ; whence again 
it follows : 

C d N S E C T A R Y VL 

That a luminous body muft not only be 
fluid, but the moft refined and exalted of all 
the fluids we have any knowledge of in 
nature. 

By a luminous body, we underftand a body 
endowed with ftrong native light and heat, 
and confcquently with expanfive vigour to pro- 
pel them to a confiderable diftance. Such a 
body then, from what has been faid, mufl: be 
a liquid flame ; and the greater the diftance, to 
which this light and heat are propelled, fo 
much greater muft be the expanfive vigour of 
this body ; for caufes are as their effeds, and 
cfFefts as their caufes ; from which principle it 
alfo follows : 

CON SECTARY VII, 

That, the greater the expanfive vigour of 
a luminous body, the greater muft alfo be its 
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dffufions and wafte, and the more copious 
fikewife muft be its ftorc of pabulum to fup- 
ply the wafte. This has been illuftrated in the 
former fedion. 

CONSECTARY VIIL 

And converfely, where the emanations ere 
prodigious, the expanfive vigour muft bc pro-* 
portionably great. This is clear from our ex* 
perience of a lamp or candle. 

If on the contrary ^ luminous body be not 
th^l^ qonflantly fupplicd, but refre(hcd at 
intervals, as our fires are with a box of 
coals, it fliould decay and fail both in vigour 
and dimenfions, and undergo all the changes 
obfervable in a common fire during the courfe 
ef a day. And, ^s we have feen but from ano- 
ther confideration, fuch ibould be the cafe 
with the fun, were his only fupport an odd 
comet from time to time. 

In rejeding this opinion, and pronouncing 
comets not to be the food of the fun, we are 
fnpported by Newton's fourth rule for phik)fo- 
phising. This rule i$ defigned for excluding 
arguments and conclufions founded on hypo- 
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thelis and fpecious conjectures, and for admit- 
ting none, but thofe grounded on experiment. 
Now^ our conclufion againft that opinion is 
eftablilhed on fadts and experience within the 
reach, and under the eye of every obferver. 
It is drawn from the fimilarity, or rather fame- 
nefs of eifefts and operations, whence accord- 
ing to our axioms, the principles and caufes 
Ihould be the fame. 

This mode of proceeding is the only infal- 
lible guide to inveftigate the caufes, nature 
and principles of things beyond our reach ; 
for it is in the glaring effe^s and (Irildng 
operations, which fall under confiant expe- 
rience, that we are to difcover the firft caufes 
and principles of action which nature employs^ 
This difcovery being made, the fimplicity 
of nature, founded on the power and wifdom 
of the Creator, convinces us, that the caufes 
and principles of diftant, but limilar operations^ 
mull be the fame i we (hall therefore, from our 
preceding conclufions, educe the nature of 
the Sun. 

The fun is a fpherical luminous body, com-* 
pofed of liquid flame, and endowed with a 
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prodigious expanfive power, which afts equally 
on all fides from centre to furface; by this 
power he difleminates his cfFufions of heat and 
light throughout the planetary fyftem, and 
would by its centrifugal propenfity be imme- 
diately diffipated, were he not comprefled on 
all fides by the powerful and uniform adtion of 
an incumbent medium. 

Since the light of the fun is fo fenfible at 
this great diftance, the immenfe body of fluid 
which furrounds him, and preferves his form, 
mull be tranfparent : ^ere^ may not this fluid 
have fome affinity to our atmofphere, and ani- 
mate his vigour, as air does that of a candle- 
flame ? May it not even be the pabulum for 
the fun*s fupport ? 

Sir Ifaac Newton agrees with us in the ne- 
ceflity of an atmofphere about the fun, not fo 
much to prevent the explofion of his fubfl:ance, 
pr to preferve his globularity (which were the rea- 
fons we affigned) as to prevent extraneous bodies 
from exploding from his furface in fume and va- 
pour. Thefe extraneous bodies, for whofe fakehe 
Jntroduccs ai^ atmofphere to prevent their rifing 
up and going off in the form of vapour, we 
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iiippofe, are the comets, which, according to 
him, nourifli the fuiv Therefore, as he differs 
widely from us in his conception of the nature 
and pabulum of the fun, we Ihall now take into 
confideration his opinions, and compare them 
with our edudtions on the fame fubjcdt. 

* And are not* (fays this great philofopher in 
the 1 1 rh query at the end of his opticks) * the 

* fun and fixed ftars great earths vehemently 
' hot, whofe heat is conferved by the greatnefs 

* of the bodies, and the mutual action and re- 

* adtion between them and the light they emit ; 

* and whofe parts are kept from burning away, 

* not only by their fixity, but alfo by the weight 

* and great denfity of the atmofpheres incum- 

* bent upon them, and condenfing the vapours 

* and exhalations which arife from them. For 

* if water be made warm in any pellucid veffel 

* emptied of air, that water in the vacuum will 

* bubble and boil vehemently, &c/ Having 
(hewn the neceflity of an heavy atmofphere, he 
thus concludes by illation: 'In like manner 

* the weight of the atmofphere that lies upon 

* the globe of the fun may hinder bodies there 

* from rifing up, and going away from the fun 

* in the form of vapours and fumes, &c,' 
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He treats of comets in the 42d prop: 
of the third book of his Principia^ towards the 
conclufion of which he fpeaks thus : * The 
comet which appeared in the year 1 6So, was 
in its perihelion lefs diftant from the fun than 
by a fixth part of the fun's diameter, and be- 
caufe of its extreme velocity in that proximity 
to the fun, and fome denfity of the fun's 
atmofphere, it muft have fufFered fome rc- 
fiftance and retardation ; and ther^efore being 
attracted fomething nearer to the fun in every 
revolution, will at laft fall down on the body 
of the fun. Nay, in its aphelion, where it 
moves flowed, it may fometiraes happen to 
be yet farther retarded by the attraction of 
other comets, and in confequence of this re^ 
tardation, defcend to the fun. So fixed ftars 
that have been gradually wafted by the light 
and vapours emitted from them for a long 
time, may be recovered by comets that fall 
upon them. ' From this frefti fupply of new 
fuel, thofe old ftars acquire new fplendour 
and may pafs for new ftars. Of this kind 
are fuch fixed ftars as appear on a fudden 
and fhine with a wonderful brightnefs at 
firft, and afterwards vanilh by little and 
little, &c,'^ 
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This celebrated philofopher in his notions of 
the fixed ilars^ which are allowed to be fo many 
funs, admits that they acquire new fplendour^ 
when their wafte is fupplied by comets ; and 
afterwards gradually decay until they are again 
recruited by a new fupply of fuel, which coin- 
cides exactly with our afiertion of periodic 
changes in the fun's magnitude and luftre, 
were his wafle of fubftance to be fupplied with 
a pabulum of fuch hard, unfrequent, and du* 
rable bodies as comets. We have already 
(hewn that he agrees with us alfo in the ne- 
ceffity of a preffive atmofphere, to prevent 
both explofion and too lavifh a wafte of the 
folar fubfiance. But in his conje<5lural reafon* 
ing on the fun and ftars, he feems to have for- 
got the rule of philofophizing lately cited to 
prevent hypothetic conclufions ; he even feems 
to invert the order of rcafoning, by illuftrating 
things more adjacent and confpicuous by 
things more remote and obfcure. He (hould 
certainly have obferved, that the decays and 
renewals, which he explained in the liars, and 
reprefented as fo fenfible in them, Ihould be 
far more confpicuoos in the fun, on account 
of his greater vicinity, were be fufiainedby 
comets. 


/ 
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As he alfo differs from us, in afligning the 
nature and fubftance of the fun, which we have 
by analogy educed from general and well- 
known experience to be a body of liquid 
flame, and which he, without argument or 
eduftion, conjeftures to be a great earth vebe- 
tnently boty we (hall difcufs his notion. 

If then the fun was an earth, he mull long 
fince have become a body of liquid glafs, as 
would our earth by fo vehement an heat, as we 
know fubfifts in him ; in which cafe, he would 
be incapable of emitting fo much heat and 
light, as we find he does, or as he ought to do, 
being, according to our edudtions, a body of 
flame. 

To prove this affertion, we (hall adduce the 
power of a mirror or burning glafs. The ef- 
fedts of thefe inftruments are pretty generally 
known. The celebrated mirror made by the 
father and his two fons, the Villets of Lyons, 
as defcribed by doftor Boerhaave, (v. I. p. 134, 
135) was prodigioufly powerful. This fpecu- 
lum was made of a metalline fubdance, of 
about 40olb. weight, in the form of a concave 
fpherical fegment, 43 inches in diameter, con- 
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vening the light in a focus of half an inch dia- 
meter, and at the diftance of three feet and a half 
from the vertex ; whence the plain area of the 
fpeculumis to that of the focus as 7396 is to 
I, in which, proportion it condenfed the folar 
beam that it refledlcd. Now the diftance from 
the earth to the fun is to the femidiameter of 
the fun, as 240 to i : the intcnfity of light, 
therefore, at the fun, is to its ftrongeft beam 
here, as 57600 to i ; and this in the fuppofi- 
tion, that his heat fuffers no abatement from 
the extreme cold of the clouds, atmofphere, and 
aetherial fpaces in its paflage to us. But how 
improper this fuppofition is, will readily appear 
from the exceffive coldnefs of the winds, 
which blow over high mountains or fnowy 
trafts ; howevier, making no allowance for the 
fun beam's lofs of heat from the coldnefs of the 
upper regions, the intenfity of heat, at the fun's 
furface, Ihould be at leaft feven times greater 
than, in the focus of Villets* mirror : but the 
heat of this focus, had the fun beam pafied 
through temperate regions, and met with no 
contingent diminution of heat, would, un- 
doubtedly, be ten times greater than it is after 
fufFering that abatement. And, comparing the 
heat of a candle, or fire, when we touch the 
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flame, to the heat of either, at the diftance of 
fomc yards, even tho* colledted to a focus, wc 
find a vaft difference. The heat of the fun 
at its furface is, therefore, undoubtedly above 
70 or I CO times greater than that of the afore* 
feid focus. The fcrutiny of calculation may, 
perhaps, extenuate and impoverifli the force of 
nature ; for, were we on this fubjedt, to liftcn 
to the firft conceptions and moft obvious fug- 
gcftions of reafon, a flame that diffufcs thro* 
the whole folar fyftem a light and heat, which 
the other could fcarcely afford, we might al* 
moft fay within the compafs of an egg (hell, 
but at moft within a fpherical fpace of two or 
three feet radius, a flame, I fay, like the for- 
mer, would appear many million of times more 
ihtenfe than the latter. However, let that be 
as it may, fuch was the power of this mirror, 
according to the author before-mentioned, that 
in a moment it would fufe any of the fix metals, 
as alfo all the fcmi-metals, upon which the expe- 
riment was made ; rocky and ftony bodies were 
by itinftantly melted and vitrified ; even bones, 
whofe alhes refift fire, and which are therefore 
ufcd by chymifts to make copcUing tefts, were, 
in the twinkling of an eye, melted in its focus, 
as were hkcwife bricki?, clay, fand^ crucibles, 
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marble^ jafper and porphiry ; and, laflly, the 
vtry firc-ftones, which mafons ufc for build* 
ing furnaces, for fufing iron and feparating 
it from its exceifively hard folfil ore : all thofe 
fubftances immediately melted and vitrified in 
its focus. 

Let us now confider this matter a little fur* 
ther : are not thefe the hardeft bodies found on 
the earth ? Have any been yet difcovered fo 
hard, fo impervious to fire, or lefs combuftiUc, 
than ftones, metals, marble, porphry, crucibles 
and fire-ftones ? yet all thefe are inftantly melt- 
ed and vitrified in diis focus. What, then, 
fliall we fay of the fun ? How inftantaneoufly 
would he not vitrify the whole globe of the 
earth at his furface, even were it one folid block 
of marble? Since this focus, this fmall and 
faint image of the fun ; this coUedtion, I may 
fay, of a few rays reduced in vigour from the 
chilling regions they have paifed thro% will in- 
ftantly vitrify a fcrap of marble, would not 
the whole earth, nay, a thoufand earths, be in- 
ftantly vitrified in the fun ? for the fun's dia- 
meter is to that of the earth as 1526 to i ; his 
magnitude, therefore, is between 3 and 4 mil- 
lion times greater than that of the earth ; con- 
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fequently, a million earths and a million co- 
mets would be vitrified in the fun as foon as a 
fcrap of marble in this focus. And even the 
fun himfelf, had he ever been what New- 
ton fuppofes him to be, to wit, a great earth 
endowed with the heat experience (hews him 
to poffefs, (hould immediately have become 
a complete mafs of vitrious matter. 

This is the inevitable confequence of fuch a 
fuppofition : we (hall now purfue this neceffary 
confequence, and (hew how inconfiftcnt even 
this fecond ftate would be with the fun<aions 
and efFedts of the fun. We have already in- 
finuated, that were the fun a vitrious body, he 
could not emit fuch efFufions of light and heat 
as we experience from him ; and with the 
ftrongefl reafon ; for we have (hewn the caufe 
of light to be flame. Newton calls this 
flame a vapour heated red hot, that is, fo hot 
as to (hine, &c. a notion probably taken, and 
eafily illuftrated from the various ftages of a 
culinary fire ; for fuch a fire will flame, as we 
have obferved, and give a^diftant light, while 
the fuel contains and exhales in fume our 
elaftic matter, which between air and its own 
heat is elaborated into flame ; but when this 
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exhaling or fume-making matter is exhaufted 
from the fuel, it burns in the form of red 
coals, emitting heat or light, but to a very 
fmall di(lance« The red coals, thus deprived 
of eicpanfive vigour, by lofing the fubftance, to 
which it inheres, dwindles into a(hes, emitting 
but a feeble gleam. A(hes, therefore, muft be 
void of every expanfive inflammable matter^ 
or, as we have faid before, void of powers and 
qualities, and really inert matter ; for the pow- 
ers and qualities of the fuel, whereof thefc afties 
made a- part, were with their active fuftaining 
fubftance, as we have feen before, carried off 
in the form of fmoak, fume, and flame. Since, 
therefore, afties, (which arc inert matter, void 
of expanfive vigour, or of any elaftic matter,) 
are the only part of bodies which enters into the 
compofition of glafs, it follows, that vitrious 
bodies, being thus- purged of every fumigating 
matter and all expanfive vigour, have no power 
to emit heat or light -, but if they burn, muft 
refemble fpent coals, which in reality is the 
form we fee that vitrious matter is reduced to 
by a vehement heat. 

This muft inevitably be the cafe, unlefs they 
be conftantly fupplied with a fuel whofe ex- 
VoL.IL D 
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panfive exhalations may break forth in fume^ 
\yhence flame witl again emerge capable of af-^ 
fcMrding heat and lights but if this fuppofed 
fuel be itfelf void of expanfive fuming matter, 
the burning body will ftill be incapable of 
emitting heat and light to a diftance ; becaufe 
neither itfelf, nor its fuel contains the matter 
of flame or light, or aiiy expanfive force for 
efFedting its propulfion. A vitrious body 
therefore, which we have already fllewn to be 
dcftitute of this exhaling matter, cannot be 
fuel capable of fupplying the deficiency of 
N another vitrious body. 

To come now to the application : we have 
proved, that had the' fun been once a great 
earth, he muft long fince have become a vi- 
trious body i we have alfo fecn, that in this 
transformation, he would have loft the fiaculty 
of giving diftant light and heat, being depriv- 
ed of that fuming matter on which the effufion 
of both depends : wherefore, that he might 
afterwards efFufe heat and light, a new 
ftore of expanfive matter ihould be fuppUed 
by fome extraneous fuel But this could not 
be done by other vitrious bodies, they too in 
their vitrifadkion having loft their fuming mat- 


ttt. Comets, therefore, Which ftiuft be tt^ 
duced to glftifs in their accefis to the fmi, could 
noc afford the fieceflary fupply ; (b thftt if fiKhi 
Were the nsture of the tun jtnd of his pabultuvt 
be coald not fend he«t or Irghc to any fignifl" 
cant diftance« For A^ppofing him 16 poffeA 
both, he would ftiH Want the elaftic fuming 
matter neceflkry for their tmiffion, and with 
regard to usl would only exhibit the faint ^ow 
of a burnii^g coal. He would not indeed 
dwindle into afties, for his fubftance would be 
unchangeable, being already in the ultimate 
ftate of burning bodies, to wit, that of vitrt* 
fa<5tion. 

Comparing then the imbecility, t6 which 
thcfe fuppofitions reduce the fun, with the effi- 
cacy of his heat and light in the revival of 
vegetation, and of the animal vigour at the 
commencement of fpring, and with his more 
powerful effedts during fummer, when his 
emanations are more direct, we muft conclude, 
that the fun cannot be a great earth, that fup- 
pofition being inconfiftent with the reft of 
nature. /2dly, That he cannot be a vitrious 
body, which would be the confequence of the 

firft ftate. sdly, That Comets which in the 

D z 
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violence of his prefent heat fllould alTo be vi- 
trified^ before they could touch his furface, 
-cannot be his pabulum. Confequently the 
fun, according to our former edudions^ muft 
be a body of flame, which emits to us and far 
beyond us, abundant effufions of light and 
heat to anfwer all our neceffities, in the fame 
manner as fires and candles yield a fupply of 
each, proportioned to the purpoies for which 
they are intended. This power arifes from 
their denfe fume made red hot, as Newton 
cxpreiles it, or as we have explained, from their 
elaftic matters thus ifluing forth, which are 
elaborated and fublimated in aerial furnaces of 
flame, and afterwards propelled by the exer- 
tions of expanfion* 
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SECTION IIL 

The neceflity of a folar Pabulum farther illuf- 
trated., Its ficuation and mode of Commu^ 
nication determined, 

AS analogy is the only guide of a philo* 
fopher in afcertaining things beyond the reach 
of fenfe, we muft in the prefent inquiry fet 
out from experience. The univerfe is a great 
machine, whofe motions are produced, and 
whofe operations are regulated by certain 
fprings or agents, which we call firft principles 
of nature. Thefe agents, no doubt, on ac- 
count of the wifdom of the Creator, are as few 
as the variety of operations would admit ; and 
as operation is univerfal throughout nature, 
they mull alfo be univerfal Hence the pro- 
priety of concluding from analogy, or of ex- 
plaining diftant and extended operations of 
nature by the fame laws and agents that we 
difcover in the analyzation of fimilar opera- 
tions, which from their extent and fuuatiori| 
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fall under the cognizance of fenfe, and are in 
conilant experience. 

Now fires and candles transform and efFufe 
the fub(Upce of th^fpakula^ and therefore re- 
quire a conftant fupply of new matter to fup- 
port their vigour, preferve their magnitude, 
and replenifli their wafte. We muft therefore, 
by all rules of induction and analogy conclude, 
that the fun, being a body of flame, his effu- 
fions of fubftance in the form of heat and 
light, muft be fupplicd by a perpetual influx 
of proper fuel. This he elaborates into his 
own fubftance, and again fublimates into light, 
which by the expanfive vigour his pabulum 
infufes and fupports, he propells beyond the 
orbits of Saturn and hii? faitelitcs, to illuminate, 
cherifli and invigorate all parts of the planetary 
fyftem. To anfwer thefe purpofts, and to 
preferve the fym's uniform vigour and magni- 
tude, not even an hundred comets each day^ 
much l^fs an pdd pomet at fuch diflant inter- 
vals would be an adequate fuftainm^ntj we 
piuft therefore conclude, that an all-wife God, 
who at th§ Creation made every thing neceflary 
for the prefcrvation of the Univerfe, and the 
perfe£tion of all its p^rts, has provided all the 
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bodies which compofe it with fuch po^er^, 
principles and qualities, as were adapted to 
their feveral fun£tions» and has eftabliflied be- 
tween them fuch connedion and intercourfe, as 
to contribute to their mutual fupport and the 
general fuftainment of the material world, 
until the time he has appointed for its dilTolu* 
tion.; and with a beneficence and providential 
care, conformable to infinite goodnefs, has fur- 
ni(hed each being with a fufienance or means 
of fubfifting before he gave it exiftence, by 
firft creating, and conveniently placing its food 
to prevent failure or decay. 

Thus Divine Providence, previous to the 
creation of man, made animals, vegetables^ 
and all other beings neccffary for his fupport, 
and placed them conveniently for his ufe. Be- 
fore he created animals he provided vegetables 
for their nourifliment ; he created water before 
filh, and earth before plants i in fine he created 
the fun, earth and water previous to the* 
animal and vegetable produdtions which are 
fupported and cherifticd by thefe elements. 
Is it then to be fuppofed, that thefe great elct 
mentary bodies, which thus nourilh and pre- 
icrve the aqinptal and vegetable world, are 
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tberardves dellitute of fupport and nourilh- 
ment, and debarred of all intercourfe, whence 
they may derive their vigour and prefervation f 
No, to fpeak phyfically, they could not fubfift 
for any time, if the loffes they fuftain by their 
effufions in favour of animals and vegetableSi 
and by the consumption of the fires in and 
about the earth, were not fupplied by a con- 
ftant flow of nouri(hment to replenifh their fub- 
flancc and renew their vigour. The wafte or 
failure of thefe elementary bodies would im- 
mediately involve the decay and extinction of 
animals and v^etables, which they fuftain and 
enliven. To form therefore thefe bodies with- 
out a fupport and renewal would be unprovi- 
dential and unbecoming an all-wife, all-power- 
ful and beneficent Creator. 

Doubtlefs therefore thefe great elementary 
*-- dies have incxhauftible funds made for their 
)port, mot only to fupply the lofles they fuf- 
n by the fupport of thofe beings which- de- 
nA upon them for fubfiftence, but alfo to 
iply their mutual loflct in fuflaining each 
ler. This is performed by a reciprocal inter- 
irfe of thdr effbfions and influences, which 
milate to jvoper aUment for their mqtiiat 
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fuftainment. Thus we find our atmofphere^ 
that grand ftore, which fupplies us with in{pi- 
rable air^ and which is equally beneficent to 
animals and vegetables ; we find, I fay, accord- 
ing to the obfervadon of the fagacious Boyle, 
that it is conftantly fupplied from the evapo- 
rations and exhalations of the earth, of the 
waters, and of the various beings they contain, 
as alfo by the fiars and fun, whofe influences of 
light and heat, together with the evaporations 
juft mentioned by the tremours, ftorms and 
perturbations of this grand refervoir, are di* 
gefted, blended and elaborated for animal and 
vegetable ufes. Here are many and conflant ^ 
fourecs to fupply and prcferve the vigour and 
magnitude of our atmofphere, a tribute, which ^ 
it again repays, at leafl to the bodies beneath 
it ; to vegetables and animals, &c. it imparts 
the faline principle fo' neceffary for then: texture 
and conftitution, with infpirable air and elcdtric - 
accretions j to the waters it pays its tribute by - 
the floods of rain it pours into their beds; 
and to the earth by the refrcftiing flioWers with " 
which it bcdues her furface. In thefe (bowers 
the terreftrial particles, which Were before ex- 
haled, return again pregnant with fpirit and 
refrelhing powers to nourilh and enliven the 
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earth and her produdions, and thus the eva- 
porations and exhalations are repayed with 
nurturing, invigorating and infpirable matter ; 
fo that a perpetual intercourfe fubfifts between 
the atmofphere and the earth, the waters, and 
all the beings they contain, whereby they fuftain 
and preferve each other by a mutual and gene- 
ral traffic of fubllance. 

Thefe three great bodies are contiguous, 
and have a mutual intercourfe. But the fun is 
too remote to partake of this commerce \ and, 
altho' he is continually pouring his fubftance on 
us in ^ a conftant profufion of light and heat, 
from his great diflance, we cannot imagine 
how any exhalations or efFufions of thefe bodies 
can reach to him, to reftore his lofles and re- 
fund the quantities of his fubllance he fo libe- 
rally imparts to them. It is well known, that 
a bit of antimony or red lead placed in the 
focus of a mirror will in a moment increafc 
in weight by { • This addition of weight pro- 
ceeds, according to the opinion of philofo- 
phers, from its having gained fo much of the 
folar matter ; for it cannot proceed from air, 
as the cfFeft will be the fame if the focus be 
directed into an exhaufted receiver. Now if 
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the fun at this diilance fuflfers in one moment 
fuch a lo& of fubilance by a fmall beam of his 
light, how much ftiould he have loft by the fame 
begm in the fpace of a year ? and if fuch a 
quantity be efFufed thro* a circular ajrea, fuch as 
Villet's mirror above defcribed of lefs than 
2,Z inches radius, hpw prodigious a quantity 
muft pafs during the ipace of a year through 
a fphcrical furface whofe radius is above 8i 
y millions of miles, which is equal to our diftance 
froto the fun ? how much then for an hundred 
or a thoufand years ? how much in fine from 
the creation of the world and again to its dif- 
foluiion ? doubtlcfs, the fun has already emitted 
and may hereafter efFufe many million times 
his own quantity of fubftance. 

If then comets were the only fuel deftined to 
fupply the efFufions and to fupport the magni- 
tude of that body, fo lavilh of his fubftance 
as to fill a fpherical fpace whofe radius is 
greater than the diftance of the rcmoteft of 
Saturn's moons, with fuch plenitude of his lu- 
minous fubftance, that there is not in all that 
vaft fpace, except where an opake body inter- 
venes, the fmalleft part or interftice, even the 
fi2c of a pin's point void of light, as we have 
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fccn in the firft volume of this work, what a 
prodigious number of comets fhould have been 
created for his confumption during that inter- 
val ? ihould not, as we have faid before, but 
from a different confideration, comets, inftead 
of being a rare and folitary phenomenon, be 
more numerous than the ftars ? Thefe reflcfti- 
ons might have induced Lemery, Boerhaavc, 
and perhaps others to conclude, that the fun, 
not being lupplied with pabulum fufficient for 
his wafte, did not really emit any part of his 
fubftance, but was fimply endowed with a 
power of exciting and determining the fire of 
our atmofphere in parallel rays towards us ; but 
having confuted this opinion from the phaeno-^ 
mena of the inferiour planets, and of the moon 
in and near conjunction, we cannot here adopt 
it, and fuppofe that the fun wants no fubfift- 
cnce, becaufe forfooth philofopheis have not 
yet difcovered or affigned any other pabulum 
but comets, which are entirely inadequate to 
his fupport ; on the contrary, however diffi- 
cult it may be to determine his fuel, we muft 
conclude from the reafons alledg^d, that the 
bountiful Creator, who has furniftied all other 
bodies with means of fupport and nourilhment, 
has alfo provided for thi^ cheerful beneficent 
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luminary an aliment proper and fufficient to 
fuftain him, and has placed it convenient for 
his ufe and fupport. 

And if the ftars be likewife fo many funs, in 
the fame manner effufmg their fubftance, as 
doubtlefs they are, (for how otherwife than by 
the emanation of their native light could they 
appear fo fplendid and vivid at diftances fo 
immenfe) to fupply, as well thofe feen by the 
naked eye, as thofe whofe diftance is fo prodi- 
gioufly great, that although they equal our fun 
in magnitude and luftre, as allowed by all phi- 
lofophers, they are fcarce rendered vifible by 
telefcopes ; to fupply others, in fine, which may 
be as far beyond them, as they are diftant from 
us, and all equally prof ufe of their fubftance 
where (hall we find comets, or any other fuel, 
proper and fufficiently abundant? Shall we 
then filence curiofity, and pronounce it impoffi- 
blc ? or (hall we pretend, that they fubfift dif- 
ferently from all other bodies in nature without 
pabulum or fupport ? The latter would be as 
contrary to all rules of philofophyzing, as it 
would be contrary to nature : the former would 
be unbecoming the enquiring fpirit of philofo- 
phy, and repugnant to our idea of the creative 
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power, and the axioms thence educed In the 
firft lecture of this wotk. Even without recur- 
ring to a train oF axioms, we may at once 
conceive, that the Power which gave exiftence 
to thofe prodigious bodies, and endowed them 
with their admirable faculties of warming and 
enlightening, which meafured out their dif- 
tances, and afBgned their refpcdlive fpheres of 
influence, was able to create, and really hais 
created for fhem, a fund of nutriment propor- 
tioned, to their confumption, with the fame 
wife and beneficent profuiion, wherewith all 
bthcr bodies have been provided with fnftam- 
ment. 

The exiftence of this fuel being therefore in- 
conteftfble, kt us have recourfe to experience, 
to difcover what muft be its nature and mode 
of operation. 

A perfon who fits near a fire rtt very cold 
weather, will find the backs of his legs cold, 
tho* his fhins be fcorchcd. In the fame man- 
ner a perfon ftanding at a flove, wiR aKb feel 
one fide cold while the other is warm. Thk 
proceeds from an influx of the cold air into 
the hotter place, which is more fenfibiy per- 


OFTHESUN. 47 

ceivcd, if one holds a candle at the door of a 
warm room, or fpreads an handkerchief/ acrofd 
the fire place 5 for the flame, in the firft cafe, 
and the cioath, in the other, will tend ftrongly 
towards the heat, on account of the preffure of 
the infkient air. Hence the ufe of the tin plate 
whicK prerents the air from gettmg to the 
chimney, except by paffing thro*^ the grate ; 
for the current of air thus direfiked to the fire, 
at once enlivens it both by ventilation and by 
the elaftic fpirit it mfufes : hence alfo the ufe of 
bellows and air furnaces, whofe powerful venti- 
lation and copious infufions, impart a vigour 
to fire capable of heating, fufing, and refining 
metals. And even a candle flame, however 
feeble its heat and power of burning, is parti- 
cularly invigorated at the furface by the influx 
of the ambient air, as may be perceived by a 
fimple experiment ; for hold a thread, or thin 
but uniform chip acrofs fuch a flame, and the 
parts of either, which correfpond with the verge 
of the flame, will be found to kindle and burn, 
previous to the intermediate part, where it 
might naturally be imagined the flame is moff 
intenfe and powerful. Whence we infer an 
immediate proof of thefe two propofitions, to 
wit, ifl:, that the vigour of flame is reduced 
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by digefling its pabulum ; and, zdly, that it is 
on the contrary improved where the flame has 
an immediate intercourfe with the air ; for the 
one iffuing forth with expanfive force, the other 
preifing into it by a natural propenfity, a con- 
flidk is produced between both, which irritates 
the verge, and there accelerates the confumption 
of thin bodies. But, certainly, if the vigour 
of flame at the wick was not, according to 
former obfervations, diminiflied by digefting 
its food, its power would be at the centre more 
permanently flrong, at lead in communicating 
heat to denfe bodies ; for there the repulfive re- 
verberations, which produce the expanfive and 
centrifugal propcnfity of heat and light, are 
in force and pcrfedtion, the effedt of which 
appears from the encreafe of heat in a fmith*s 
fire when thus concentrated by being fpunged 
or fprinkled with water. 

All thefe inftances (hew the influx of air into 
fire or flame, wherefoever or howfoever either 
fubfifl:s. They alfo (hew the utility of fuch an 
influx; but, what is ftill more, from Boer- 
haave*s experiments on the rofemary plant, re- 
cited in our firft part, and from univerfal expe- 
rience it appears evident^ that no body can 
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ever aflurtie the form of flame without a free 
accefs and influx of air. No flame can fubiift 
without air, for however ftrong and lively be- 
fore^ it will inftantly extinguilh in vacuo. If, 
therefore, analogy be a rule which all philofo- 
phers mull obferve $ if no celebrity can autho- 
rize a philofopher to depart from univerfal ob- 
fervation, and obtrude on the world arbitrary 
notions ; if nature be fimple and like unto her- 
felf, the fun and the ftars cannot fubfift in a va- 
cuum, but, like every other luminary and fire 
in nature, muft be fuppbrted and enlivened by 
the perpetual influx of an ambient fluid. This 
fluid, from the preflure of its more remote and 
denfe parts, mufl: flow equally on all fides 
with a centripetal force into the fun j and in its 
ingrefs into that great furnace of nature, un- 
dergo all the operations of digeftion and tranf- 
formation mentioned in the beginning of this 
lefture, until it be perfcdtly fublimated at the 
centre. Here the transformed fpecies meeting 
from all fides in conflid, reverberates to the 
furface with centrifugal and unimmaginable 
force, and thence iffues forth on all fides in a 
fpherical flood of light. 

Vol. II. E 
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' WhJit we htxt fey of the fun muft alfo be 
applied tci the ftirs. The immetife fpaces be- 
tween theto, would certainly be large and con- 
venient ftores t6 contain a fufficiency of pabu- 
lum to fuftain and invigorate them all for any 
length of duration. Or, if the interftcllar 
fpaces were too confined to eontain a fufficient 
ftore of nutriment for all thofe luminous bodies 
for any given time, could not the Omnipotent 
Creator hate enlarged Ihcfc ftores of aliment, 
and extended them to a diftance far beyond 
the remoteft ftars ? Now if this immenfe ex- 
tent, whith may be conceived ten million, or 
ten thoufand millbn times greater than the 
diftance of the remoteft tcfefcopial ftar, be 
confidered as the radius of a fphere filled with 
proper nutriment for the fun and ftars, fuch a 
body of igniitritive matter (if I may be ailowcd 
the ejtpreffion) would be att ample and conve- 
nient ftore for the maintenance of all theft lu- 
minous bodies for any given duration. All 
thts is certainly poffible and eafy to that infinite 
i^ower, which has created thefe immenfe lumina- 
ries, and ftill preferves their magnitude and 
vigour with the fame facility and by the fame 
fecondary caufes, as he employs to nourifti and 
(uftain other luminous bodies, Icfs pcodigi^ous 
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in fize^ but in nature, operation, and phaBnon)c-» 
na the fame. Now this immenfc globe, which 
for the future we may call the mundane fpher^^ 
comprifes the whole univerfe, and agrees with 
what Mofes calh the firmammt of the beofpens^ 
in which the ftars were filled by the hand of 
the Creator, 

This being conceived, let us npw fitppoft 
fuch a number of lamps or candles placed in 
our atmofphere as there are ftars in the firma**- 
xnent : or, to bring the comparifon more home, , 
let the earth together with the atmofphere be 
fuppofed all one body of air, whofe radius may 
be about 4050 miles ; let this aerial fphere be 
fet with fmall bodies of flame, like the flame 
of a candle, to reprefcnt the appearance and 
ftate of the ftars in the heavens. Thus we 
fhall have a miniature- eprefcntation of the fir- 
mament befet with the luminaries that enlighten 
and embellifli it. 

For in this vaft glohie of atmofphertc air, 
each little flame would mould for itfelf a fphe- 
rical vault of rarified air, which would flow 
from all fwics into the central flame, not by any 
attraction from within, but by the prcflure ©f 

E2 
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the remoter air, which, to form an equilibriam, 
muft neceflarily flow towards the rarer parts to 
fupply the perpetual confumption and exhauf* 
tion of air produced by the flame enclofed. 
In the fame manner every ftar in the firmament 
moulds for itfelf a circumfcribing vault, from 
all parts of which the celeftial matter will poor 
in, to nouriih the central luminary and furnilh 
it with fuel, which ' that fiery body confumcs, 
aiTimilates, and afterwards expends in effufions 
of light. 

If it be objeded, that the celeftial matter has 
not the fame refources and fupplies from an 
intercourfe with other bodies, which our atmo- 
fphere enjoys to replenifli its lofles and con- 
fumption, then we may fuppofe this fphere a 
million times greater ; fo great, in fine, as to 
be an ample ftore for the maintenance of all 
the celeftial luminaries for any given time : a 
thing, fo confiftent with the wifdom and power 
of God, cannot, certainly, be confidered as 
beyond the reach of Omnipotence. He that 
formed the frame and machinery of a midge, 
has alfo formed that of an elephant ; and He, 
who made the atmofphere to maintain the bo- 
dies it infpires and preferves, could have made 
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a fphere of celeftial matter, to nourifli and prc- 
ferve the luminaries contained in the firmament. 
Nor do the nature of thefc two fpecies of ali- 
ment differ more widely, according to our ob- 
fervations, than do the kinds of aliment, upon 
which the midge and elephant fubfift. Our 
fuppofition, therefore, of a fphere of fuch fi- 
dereal aliment, of a magnitude capable of fup- 
plying the effufions of the fun and all the flars, 
from the creation to the confummation of the 
world, is perfedtly confiftent with the attributes 
of the Creator, and analogous to his other 
works. However, it is not from its magni- 
tude alone, that the firmament derives its fuf- 
ficiency to fupply the immenfe cfFuflons of the 
celeftial luminaries : analogy and obfervation 
of the wife oeccJnomy of the Creator in the 
other parts of nature fuggefl another fource 
of indefedibility, which fhall be illuflrated and 
cftablifhed in the fqllowing fcttion. 
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SECTION IV. 

Aifimilati?© property of the fokr pabulum a 
fource of its permanence and fufficicncy. 
N«w proofs of the exiftence and properties 
of that matter from Scripture and fenfc: 

Al^li fires upon earth are continually fed and 
kept alivf by a perpetual influx of air ; and, 
from what wc fee, we are authorised to think, 
that were they fupplied with fuel for ten thou- 
fand yean, they would be ilill (uftained with 
air, without any failure or diminution of the 
atmofph^re. The reafon is, becaufe the atmo- 
fphere itfelf is perpetually fuftained and reple- 
niftied by the tribute it receives from all other 
bodies, whofe evaporations, exhalations, &c. it 
affimilates to air. In like manner our fun is 
fupplied with influent matter from his fpherical 
fpace, which is fuftained and kept full by the 
inward preffure of the vaft mound of celeftial 
matter or firmament, by which hi? fpherical 
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fpace U widoM. And thefe effufions he ag«n 
refunds by emanations of light equally abun- 
dant, which, not only invigorate nature, and me- 
liorate the crude matter of the firmament for 
his nourilhnient ; but alfo replenilh his ftore of 
food : thefe emanaticms being themfelves afli- 
miUtcd to the nature of the cdeftiftl matter, in 
the flood of which they Wend and ar^ aWprb- 
cd. Thus a mutual intercourfe fwbfift.s N- 
twecn the cekftial matter and the luminari^ it 
fupplic«, whereby they rcciprocaliy fuftais each 
others quantity and vigour, as do neighbouring 
bodies upon the earth. 

Hence then no difficulty arifts from the ir^-- 
mcn^e magnitude of the fun : immenfe, I fay, 
for certainly the magnitude of that beinefiqent 
bpdy muft be prodigioufly gre^t, which at this 
diftance warms and cheriflies the earth and her 
produftions, cheers her feafons, revives her 
beings, and, by the power of its expanfion, 
* difeminates its efFufions of light and heat to 
bodies and fpaces vaftly'more remote. The 
radius of the fan is computed to be 152 times 
that of our earth : and we have already feen, 
that this great body is compofed of liquid 
flame. The radius of the moon*s orbit is only 
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'60 times the radius of the earth. Now imagine 
a globe of flame which would fill the fpherical 
fpace of the lunar orbit, how many earths, 
comets, and planets would it not ingulph, be- 
ing 21,6000 times as great as our earth ! The 
fun, however, is vaftly larger, and would have 
but a pitiful meal of all the comets and planets 
within the knowledge of man, being within 3 
and 4 million times greater than the earth ; a 
magnitude neceffary, no doubt, for cheriftiing 
faturn and his fecondaries, and for illuminating 
fpaces beyond his fatellites. Such 'then is the 
great focus, wherein the Creator has colleded 
and ftored up that part of the primeval light, 
which he had deftined for enlivening animals 
and vegetables, for fertilizing the earth and 
her produdions, in fine, for illuminating and 
invigorating our planetary fy ftem until thp end 
of time. 

But, however imenfe this body of fire, how 
foon would it be exhaufted by the continual ef-* 
fufions of fubftance, which this luminary by 
its expanfive vigour pours forth, unlefs it were 
ponftantly fupplied with nutriment to preferve 
its hiagnitude and vigour ! And how vaftly 
inadequate js the poor (uftenance hitherto af- 
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figned by philpfophers to prefervc and invigo- 
rate this body of fire ! The inteftellar fpaces 
alone arc large enough to be the (lores of his 
nutriment : and they are replete with the mat- 
ter of the firmafpent, in which the ftars and fun 
are fixed and perpetually fuftained by the ef- 
fufion of this celeftial matter from the denfc 
mound that circumfcribes the rarified fpherc 
formed by each luminary. Thefe » infufions of 
celeilial matter the luminary repays by emana- 
tions of light, which emanations the body of 
alimcntal matter ailimilates abew to its own 
form and nature. 

Thus an ox elaborates and affimilates grafs 
and vegetables to the form of flefli, and repays 
the earth with manure to bring forth again 
what he confumes ; thus vegetables, alfo, alli- 
milate the terreftrial juices to their refpeftive 
forms, and again beftbw on the earth their 
leaves, branches, ftems, trunks,, and, at 
length their whole fubftance, which turns to 
foil, and becomes once more a nutrimental 
fubftance for the vegetable kind. By a little 

lefledion on the produftion, growth, exhala- 
tion, decay and fall of the animals, vegetables, 
and foKfils that are nourifbed and fuftained by 
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the earth, air and water, we (ball eafiiy per^ 
ceive, that thefe elementary bodies fuflfer no lofs 
of fubftance by the beings they fupport ; but 
that all thefe beings reftore to thefe elements 
an ample equivalent for what they receive. 
We Ihall, however, give another inftance of 
this affimilating power, whereby one body 
transforms another into its own nature and form. 

A wildin or crab tree will aifimilate the juices 
of the earth, which it imbibes, the air it infpires, 
and the light it abforbs into branches, leaves 
and fruits of its own nature. Now if this be 
made a flock, and thereon be ingrafted fcions 
of various kinds, for inftance, of apple and pear 
tree, they (hall grow, and after a while through 
that four ftem bring forth fweet fruit according 
to the nature of the graft. This is certainly 
an imperial inftance of the afTimilating power 

• 

Jn body; however, on refleftion, we conceive 
it eafier for the graft, when thoroughly knitted 
to the ftock, to aflimilate the juice, which has 
been there elaborated and digefted to a ve* 
getable nature, than to concoft and aflimilate 

. the crude juices immediately coming from the 
earth. But, let this be as it may, it is plain, 
that the prefervation and profpcrity of the ani- 
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mal and vegetable kingdoms depend on their 
aflfimilating powers; and perhaps the fame 
may be iaid of the foffil kingdom ; for we find 
that water is fo ftrongly impregnated with the 
mineral, thro* which it flows, that whatever it 
is applied to fhall be afFefted with the quali- 
ties of that mineral : whence the ufc of mineral 
waters. In the county of Wicklow thftrc is a 
ropper mine, whofe waters change Iheets of 
iron into copper. Rain water alfo carries with 
it a prolific nature, which no other water is 
poffefled of: the reafon is clear, the atmof- 
pherc receives the exhalations, perfpirations, 
and exudations of foffils, animals and vege- 
tables, as well as of earth : thefe it elaborates, 
blends and aflimilates to its own nature : the 
waters of the clouds therefore defcend teeming 
with thefe rich, fpoils to fertilize, refrefli and 
revive the earth and her produdtions. In ftiort, 
we find not a fmgle body independent of, or 
exempt from this general commerical inter- 
courfe, which fubfifts between natural bodies, 
whereby they mutually fuftain each other thro' 
the aflimilating faculty, with which the Creator 
has endowed them to prefetve the powers, 
produdtions and operations of nature for fuc- 
ceeding ages ; can we then fuppofe, contrary 
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to this invariable and univerfal law, which wc 
experience in ourfelves, in animals, vegetables 
and foflils, and even in the great elementary 
bodies of nature, all which nouri(h and fuflain 
each other by their natural intercourfe and 
traffic of fubftance, that the fun fubfifts foli- 
t^ry and unfuftained, without intercourfe or ex- 
change, of fubftance between it and any neigh- 
bouring bodies ? No, the fun is fubje£t to this 
univerfal law, and by analogy muft communi- 
cate with feme neighbouring body to receive, 
ai&milate, and refund his vaft efTuGons. This 
body therefore muft be the ftore or magazine, 
which is to fupply his perpetual and immenfe 
efFufions, and can occupy no lefs a place than 
the interftellar fpaces, which alone by their ex- 
tent and fituation are fufficient and convenient 
for the purpofe. Is it not ftrartge then, that 
philofophers, who profeffed the fimplicity of 
nature, and the laws for philofophizing by in- 
dudVion and analogy, Ihould have pronounced 
thofe vaft interftellar fpaces to be vacuums or 
blanks in nature, without food * or nouriftiment 
for the fun or ftars, and without fluid or me- 
dium to perpetuate the planetary motions, as 
if fire could naturally fubfift without fuel, or 
motion be phyfically continued without impel- 
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ling matter ! Never thelefs, the heavens muft be 
emptied * by philofophcrs to give a fcanty mor- 
fel paiTage rather to tantalize than feed our ge- 
nerous luminary. But the truth is, this was a 
dodtrine collected from fome obfcure notions 
of the old atomic philofophers,f which the 
great Newton propped up with mathematic 
calculations, without inquiring into its reality 
or conformity to nature, as we (hall (hew in a 
fucceeding lecture. 

We have theil in this leAure educed from 
every fource of phyfical knowledge, that there 
is in the heavens a fpecies of matter diftindt 

• NewttnCs Op. %%. q. And therefore to make 
way for the regular and lofting motions of the planets 
and comets J it is necejfary to empty the heavens of all 
mattery except perhaps very thin vapours ^ fireams or 
efflm)ia arifingfrom the earthy planets and comets ^ &?r; 

t And for r^eSlingfuch a medium we have the 
authority of tbofe the oldejl and moft celebrated phi- 
Iqfopbers of Greece and Pbeniciaj who made a va* 
cuum and atoms ^ and the gravity of atoms tbefirft 
principles of their philofophy^ tacitly attributing gra- 
vity to fome other caufe than denfe matter^ &f f . 
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from lights in which the fun and ftars are im^ 
moyeabiy fixed^ and by whofe infuiions thefe 
luminaries are fuftained ; we have proved the 
fun to be a body of flame^ and flame we have 

ihewn to be a compacted light, as is evident 
from the concentration of folar light into flame 
by a mirror. Now fcripture confirms all thefe 
conclufions, it relates (Gen. i. c. i. v«) that 
the Creator made the heavens and tbi iotib^ i. e, 
the matters out of which both were formed ^ 
for the fecond verfe declares that this chaotic 
heap of created matter was not yet conftru£led 
into its dcftmed form, and the earth was without 
form^ and dmknejsfat upon the deep. The infpired 
author then relates the creation of light fubfc- 
quent to the creation of the chaotic heap, to warm 
and vivify the dark rude matter, of which the 
latter was compofed : and the Lordfddkt there he 
light ^and there was light. The matter of fight how- 
ever thus created, was at firft diffufed over, and 
blended with the other matters before produced, 
until the Lord divided the light from the darknefs^ 
and colie€ted this lall fiuid into feparate parcels. 
For the feparation here exprclTcd cannot mean 
a feparation of mere abflrad qualities, but a 
feparation of the two fpccies of matter, en- 
dowed with thefe qualities, and capable of being 
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divided from each other. Now if this light 
was compacted into two or more bodies^ a« 
the reparation implies^ and^ as we know from 
experience to have been the cafe, muft not the 
bodies refulting from this companion be bodies 
of flMie ? The fun and ftars therefore, whidi 
are evidently tfae^aSU6£tioa8 of light thus formed, 
muft be bodies of flante, fo that fcripture coa-* 
firms this edodion from experience and ica&xl 

Aceordittg to the fame test alio and to rca^ 
fon, the iuminous matter laft created muft be 
difl^nt m nature and fubftance from the pth' 
mordtal dark matter. Of this latter then was 
made that firmament of the heavens, in wfaidi 
the i^ars were placed : the neceflity of whidt 
from phyfical arguments we have already edoc- 
ed. Pot the heavens, with the creation of 
which Mofes be^ns his fublime narrative, in 
#fe iegtntmg tbs Lord created the heavens ^ cannot 
be pretended to be a mere nothing, 1. e. a va- 
cuwm : Neither can that firft objeft of creatkm 
be confounded with the matter of the earth 
from which the heavens are exprefsly diftin- 
guiflied by the facred penman. Firft of all, 
therefore, the Creator brought into being the 
celeftial matter, which was to be the greateft of 
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his works, to conftitute the firm boundary of 
nature, and to be the cxhauftlcfs fource of vi- 
gour and fuftainment to all the luminaries that 
enlighten, cheriih and anhriate the univerie. 

Shall the loofe opinions then of an Heathen 
philofopher, induce us to ftrain the facred text 
and pervert its meaning ? Shall they induce us 
to refufc to the . Creator any glory from the 
greateft and moft ftupendous of his works, the 
firmament of tbe heavens ? No, let us weigh well 
the emphafis laid on the creation of the heavens 
throughout this infpired narrative and other 
parts of holy writ, and we fiiall find it hard to 
be perfuaded that thefe heavens are only a va- 
cuum, /. e. a nothing* But though revelation 
was filent, our own eyes might make us call 
in queftion the truth of ^his tenet ; for the fir- 
mament at night, when the atmofphere is clear, 
appears as if made of folid jet, and in the day 
from the light of the atmofphere, it aflumes 
the appearance of the concave furface of a 
beautiful azure fphere ; fo that ocular evidence 
concurs with revelation, reafon and experience 
in the fupport of our conclufion : but of this 
more (hall be faid when we come to treat of 
the firmament in particular. 


i 
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For the prefent, however, we appeal to fenfe, 
if the fun and ftars do not appear fixed in the 
fky or ccleftial njatter, juft as the candle flames 
fliould do, were they placed, as we have already 
defcribed, in different parts of the atoiofphcre. 
Thefe little flames, we have feen, would form 
for themfelves each its own vault of rarificd 
air flowing into its central flame, through the 
prefliire of the more denfe and remote air, to 
infpirit and preferve it. In like manner the ce-^ 
leftial matter, which fur rounds each fl:ar, forms 
a rarified vault of that matter, which is con- 
ftantly flowing in tp nourifti and preferve the 
light, magnitude and vigour of its qentral lu- 
minary, being prefled from abroad by the 
dehfe mound with which it is circumfcribed ; 
and, as in the atmofphere, there would be as 
many vaults of rarified air , as there are lights 
fuppofed, fo alfo in the heavens there fhould be 
as many fpheres of rarified matter as there are 
jftars, the magnitude of each fphere being as 
the magnitude of the luminary fl;ationed in it« 
centre. 

It will be objefted, that every candle or lamp 
requires fometbing befides the air to fupporf of 
Vol.. IJ. F 
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ilifpcnd it, fo that pcdeftals fhould be affigncd 
to fupport the ftars. This objeaion is cafily 
removed, if we confider that a rocket, when 
fired, (hoots forward by the reaftion of the air 
againft the protruding flame it emits ; fo that, 
if two rockets were joined together vertically, 
and thus fired at each end, they fliould remain 
at reft ; becaufe the anions or caufes of motion 
being equal and^ontrary, would deftroy each 
other^s efF(j£ts. Confequently, if a fjpherical 
body of ccirk, pafteboard, or fome fuch light 
matter weJ'e fet all round with rockets verti- 
cally oppofed and raifed on the top of a high 
pole or fpire, all being fired together, the fiery 
globe would remain a^ reft in that point of the 
atmofphere. And this would be the cafe tho* 
the pole were taken away, fome trivial allow- 
ance being made for gravity. Thus we have 
a reprefentation of the fun, or of a ftar at reft 
in the heaveps without any other flipport, ex- 
cept the equ^l preflure of the celeftial matter 
flowing from all fides of the ambient fpherical 
fpace and the rea<5tion of its own emanations; 
againft this matter in all diredions. 

The force of this aftion may be rendered fcn-» 
^hk by the experiment we have mentioned of ^ 
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wheel's being turned by a ftr^m of eledfa-ic mat- 
ter ifluing from a point of the prime condudlor, 
when impregnated ; for if another ftream of 
the fame matter was made to adl upon the 
wheel in an oppofite direftion, being equal, 
the llreams would deftroy each other's effcdt, 
and the wheel would remain at reft and in 
equilibrio between both. Now we have feen, 
in the firft part of this work, that the fun 
cffufes its fubftance in the form of light, by an 
expanfive vigour proper to all bodies of a fiery 
nature, but prodigioufly great in him, who 
fends his efFufions beyond the diftance of 
Saturn's moons j how powerfully then muft 
thefe emanations a^ againft any furroqnding 
body or medium, feeing the force wherewith 
the eleftric emanations adt upon the wheel, or 
thofe of the rocket againft the air ! but with 
regard to the fqri, thefe emanations adt from 
his furface in orbim^ in all directions with cen-^ 
trifugal propenfity ; therefore his adtion i? 
equally forcible from all parts of his furface^ 
which is one caufe of his reft ; the fecond is 
the equal preffure of the celeftial matter, flow 
ing on all fides with convergent ai^d centri- 
petal propenfity to novirifti and fuftain him. 

From both caufcs, therefore, the fun and ftarg 

Fa 
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may remain impcrturbably fixed and perpe* 
tUally fuftained without any additional fupport. 

This explanation exiaftly cbrrefponds with 
what we can gather from the fcriptiires of the 
fixture of the fuii and ftars : nor could that 
phoenomenon be otherwifc phyfically explained, 
according to the laws of rational analogy found- 
ed on experience. Therefore this efFedt is a 
new proof of a fidereal aliment, which at once 
nouriihes and fixes thefe luminous bodies; 
wherefore a vacuum can by no means be ad- 
mitted. It is even furprifing how fuph a fup- 
pofilion has ever prevailed, being not only un- 
fupported by experiment or analogy, but di*- 
redly contradidcd by both ; for no body within 
the reach of experience js found to move or 
(land upon nothing, and no fiery body of 
which we can be competent judges is fcen to 
fubfift without a conftant fupply of fuel, fo 
that the adrpjffion of a vacuum is contrary to 
Newton's fourth rule of phiIofophi2ing. 

iFrom the whole of our arguments therefore, 
which have been founded oh experiment, com- 
mon experience, analogy, the Newtonian rules, 
and tlie authority of fcripture, we concludcj^ 
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tliat the fun and ftars are bodies of flame or 
compared light, embofomed in the immenfe 
fphere of cclcftial matter, which conftitutes the 
firmament of the heavens and the fuel of the 
ftars, and conftanlly fupported by the double 
adtion of their own emanations and the infu- 
fions of the .firmament. Thefe infufions are 
gradually elaborated into a fimilitude with Xh6 
fohr fubftance, and when perfedlly affimilated^ 
are again expended in efFufions of light, which 
thefe Juminarics, by an expanfive property ef- 
fential to all fiery bodies, fend forth anew into 
the vaft fpherical fpaces which they refpedtively 
illuminate, as the fun does this, wherein the earth 
and planets move round him, and which is. 
bounded by that concave furface of the firma- 
ment or celeftial canopy we behold over an<I 
around us befpangled with ftars. 
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A .Survey of the Firmament and its 

Properties. 
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SECTION I. 


Ncccffity of a bounding Frame to enclofe the 
Univerfe. A philofophical Tour throughout 
the Firmament and fixed Stars. 


T, 


H £ power and wifciom of the bountiful 
Creator, from whom we derive all that we 
have and all that we are, are magnificently 
difplayed in the works of the creation. The 
machinery of nature is the work of Omnipo- 
tence : her order and fymetry befpeak pre* 
fcience and defign, and her perfection and pre* 
fervation indicate providential cart. Every 
thing in the univerfe, in fliort, excludes the no- 
tion of chance or jumble, and proclaims one 
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Univerfal law throughout all nature^ viz. tbi 
fitnefs (f thim. This principle is ^the bafis o^ 
phyficsi the foundation of our axioms and of 
our method of philofophizing : it is the light by 
which we hope to explore the fecrets of nature, 
and the fource of whatever difcoveries we have 
hitherto made. To it we are indebted for dif- 
covering the real mode of light's motion and 
propagation, the continuity of that fubflancc 
and the caufe of tranfparency : to it, alfo, we 
owe the difcovery of the nature and properties 
of the elaliic matter, a fubftance fo well adapts 
ed to be the bafis of qualities and of medici- 
nal virtues, and fo efficacious in preferving all 
the powers of nature. For it is by the opera- 
tions of this adtive (ubftance that the brooding 
feafods bring forth their annual productions, 
and the various generative fpecies procreate 
their refpedtive offspring from generation to 
generation \ and thus preferve all the beings of 
the creation throughout fucceffive ages, until 
they are annihilated, or otherwife interrupted 
by the power, which gave them exiftence. If 
is by the confiftency of this (ubftance alfo, 
that lively powers are joined to inert matter^ 
and admirably tranfpofed from body to body. 
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Now if we examine the feed of vegetables^ 
We difcover this elaftic matter confined within 
a ftiell, or a coat of firm matter in the form of 
an unduous or nutrimental fubftance proper 
for the cbnfervation of the generant part which 
it contains. The fame may be faid of the eggs 
of animals ; and, perhaps, there is not in na- 
ture a being that propagates, whofe rudimental 
fpecies are not incorporated and wrapped up 
together in a fli^ll with this conferving matter 
to nourifli and cherilh them, and by a genial 
Iieat to quicken and vivify them in due feafon, 
according to that Almighty mandate, viz. that 
each Jbould bring forth in its kind. This (hell 
does not form the foetus, but is neceffary to 
compact the feminal fubftance, and prevent its 
difperfion by the expanfive force of the light 
contextured in the elaftic matter, in which it is 
conferved. For without a (hell the feminal 
ipecies could not be colledled and ftored up 
together, but would be difFufed throughout the 
parentis body, and thus lofe its virtue and ef- 
ficacy in the procreant parts : wherefore every 
generative being has hs proper matrix to 
preferve and nourifh the rudiments of its off- 
fpring. We might now eltablifh fome analogy 
between thcfe matrices of generation, and the 
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chaotic heajpi or egg of nature produced by 
Omnijx>lence in boiindlefs I'pace, which con- 
tained inert and active matter, blended together 
ta meliorate and prepare thefe original rudi- 
ments or principles of nature for forming the 
various beings of the univerfe. But indepen- 
dently of fuch analogy, if the powers of nature 
were not confined within a (hell, they would 
be diffufed thro* infinite fpace, and her flatter- 
ed principles would become ufelefs for want o£ 
that irdmediate intercourfe, by which they fub* 
fill, mutually fuftaiii each other, and preferve 
that ecfuiiibrium, whereby thefe contending 

■ 

principles actuate the great machine of tht 
univerfe* 

# 

We cannot conceive a machine without a 
firame to keep its parts together. Othcrwifc its 
principles of aftion and moving powers not 
retaining their ftated places could not poffibly 
anfwer the end of iheir deftination. For in- 
ftance, a watch or mill muft have its frame to 
keep the principles of adtion and centres of mo- 
tion in their refpeftive places, and to preferve 
their refpeftive pofitions and diftances. For 
if an axis only ftirs from its centre, ot a centre, 
a fpring, or even a cog is difplaeed ; if any 
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part eflentiai to the machinery be removed ot 
damaged, the whole is difordered^ and the fyf- 
tem becomes ufelefs. Wherefore a frame is 
neceflfary for every piece of machinery or or- 
ganized body, to preferve the fites and pofi- 
tions of the principles that a^^ and of the 
parts that are fubfervient to each other. Hence 
a vegetable muft have its bark or fkin to cover 
it entirely, left its drculating juices (hould waffce 
or lofe their way. Hence, alfo, an animal 
muft have, not only a (kin and tubes to confine 
and conduct its fluids, but muft alfo have a 
firm frame to preferve its dimenfions and col-^ 
ledt its powers to their places, fituations, and 
principles of action : otherwife the organization 
is deranged and diftorted by the force of its 
own powers improperly exerted, and its princi- 
ples difperfed ; and the intercourfe and circula-^ 
tion being thus loft, all parts languifti, and the 
fyftem fails. Even an egg or a nut, if its con- 
tents be difturbed, or any part moved from its 
place, will lofe procreancy, as if generation de-^ 
pended, not only on the feminal principle and 
fubftance which the ftiell contains, but alfo on 
the organisation of its parts. And in the ^g^ 
is it not the expanfive vigour of the genial bh 
nun^ more abundantly compacted in the feml- 
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nal fubftance of the animal in the oppofite 
fpecks or poles of the yelk, that operates by 
the heat of the hen, and gives the egg an ob- 
long form; before its expanfion is corredtcd by 
the hardnefs of the (hell? Whence we fee 
the neceility of a teftacious fubllance to bind 
the whole together. 

And if this be fo with the feeble prindples of 
minute and trivial bodies, how much more nc- 
ceifary is a bounding frame to the machine of 
the univerfe, whofe vigorous principles adtuate 
all nature, and perpetuate her prodigious and 
unremitted operations? If thefe principles 
were unconiined, and fuffered to diffufe and 
wafle in infinite fpace, they would lofe all ener- 
gy, order, and operation ; as gunpowder, when 
unconfined, produces but a vain and feeble 
flafli, but, if duly confined and compreffcd, 
exerts an irrefiilible force. 

From analogy, therefore, and the fitnefs rf 
things^ muft not the machine of nature have 
its frame or teftaccous boundary to keep its 
principles in their dated places -, to prevent 
their difperfion and a wafte of their powers in 
infinite fpacc 5 to confine their emanations, and 
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to prcfervc that intercourfe of tlieir fubftanccsy 
on which her operations and produftioiis de- 
pend ? Since tfaefe operations are perfed snd 
reguUrly produced in their feafons, we n:iuft 
conclude, that the principles are properly fta- 
tioned, and their powers confined and duly fuf- 
tained by a fettled intercourfe and orderly circu- 
lation of fubftance : all which require a frame as 
neceflarily , as doQS the regular adtion of a watch, 
or animal, or the generativenefs of an egg. 
Yes, we muft unavoidably conclude, notwith- 
ftanding contrary hypothefes, that all the ma- 
chinery of nature is framed in, and the whole 
fyftem enclofed within a^mamenf. This great 
fyftem of natupc^ for diftinftion fake, we (hall 
call the mundane Jf here ^ or egg of nature, which 
may either be at reft, or in motion, jn infinite 
fpace according to the Creator's will : and as 
Nodb's Ark moved or refted on the waters of 
the deluge, without difturbing the ftrudture or 
pofition of its different appartments, fo the nu- 
merous and prodigious vaults of this mundaile 
fphere, with their refpedlive funs and fyftems 
of planets, retain their relative places, pofitions 
and magnitude conftantly and invariably. Each 
of thefevaults or fpherical fpaces, is conftant- 
ly filled with the effufions of its peculiar ftarj^ 
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juft as v/e have feen (L. vii. V. I.) the folar 
Iphere conftantly replete with his continuous 
and fucceflive emanations ; and each luminary 
13 fixed and fuftained by the aftion of its light 
againft the alimental medium flowing in for its 
fupport. 

But to begin with the fun ; his conftant ema- 
nations of fubftance warm, qualify, and affimi- 
late the eeleftial matter that flows from the fir- 
jmament. The nearer, therefore, to the fun, 
the more rare this fidereal pabulum is, and the 
more diftant, the denfer and colder it becomes ; 
t\ e. in every part of fpace thefe qualities of 
his pabulum are inverfely as the oppofite and 
correfponding qifalities of his luminous effii- 
fions ; fo that if we (hould make a journey 
from the fun thro* the heavens in a line toward 
Sirius. which is allowed to be the the neareft of 
the fixed ftars, being the firft in magnitude, 
the farther we recede from the fun, the lefs 
denfe and ftrong will be the light and heat of 
his efFufions, and the more denfe, dark and 
cold his alimental matter will be found, until 
we go half way to Sirius, where his light and 
heat vanifh, and his pabulum is in the highefl: 
degree of intenfity aad frigidity. For that 
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part of the heavens being equidifiant from 
both thefe luminaries, which warm and qualify 
the fidereal aliment, and fo remote from either, 
as fcarcely to partake of their influence, will 
retain its native darknefs, cold and denfity in 
the higheft degree. Again, on the other fide 
of this barrier as you approach nearer to Sirius, 
thefe qualities diminilh on account of the in- 
creafe of his light, which tempers and melio- 
rates this alimental matter. Still nearer to him, 
it is further tempered and heated for his 
nouriQiment, and flows in to preferve his vi- 
gour and magnitude as air does' into flame : at 
length, arriving at Sirius, you find him 
fixed in the centre of his own vaft fpheri* 
cal fpace, which he warms and illuminates by 
his effufions, in the fame manner as the fun en- 
livens and cherifties his peculiar fphere, and 
the fyftem of planets that furrounds him. 

We (hall not here examine whether Sirius 
or any other ftar has a fyftem of planets re* 
volving about him, but confidering him as fo^ 
litary in his place, will make fome obfervations 
QH his ftfite and mode of fyftaintnent. 
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We find him then fixed like another fun in 
the centre of the fpherical fpace he illuminates 
by the prefliire of his own efFufions afting on 
the ambient matter that prefles in to nourifli 
him, as air does into fire; not through any 
attradtion in the fiery body, but on account of 
the confumption of matter that enters it, and 
the rarifadion of that which furrounds it. For 
to form that equilibrium which all fluids en- 
deavour to preferve in the fpiffitude of their 
fubftance, and to fill equally and uniformly all 
the fpace it occupies, the remoter part from the 
luminous body, being more croudcd as to place, 
and more denfe in fubftance than the rarified 
part next the fame body prefles in to reftorc 
the equilibrium. This preflure alone might 
eaufc the matter next the luminary to enter 
that body, but does It more effeftually, as that 
which enters is (ponfqm^d ani} refunded in a 
new fornj, 

Thus the lumitiary may be confidered as a 
perpetual rarifier of that matter which is always 
flowing into it, with the rapidity of air into an 
exhaufled receiver, to which it gains accefs: 
wherefore the motion of this pabulum to the 
luminary, as well as that of air to a fire, is 
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owing to the confuming power of thefe bodies, 
whereby a vacuum is perpetually conftituted ; 
but is not to be afcribed fimply to the rari- 
fa^ion of the influent matter. For if no air 
was confumed by fire, the body of air imme- 
diately furrounding it, would from heat acquire 
fuch a degree of expanfion, as would caufe it 
to readt and prefs back agaipft the remoter air 
more powerfully than the exterior air could 
prefs on it; fo that in that cafe the current 
would be rather from the fire than towards it. 
Confequently, as experience (hews the current 
to be towards the fire, we mud allow a con-* 
fumption of air, which like food to an animal, 
is neceifary for its fuftainment and the prefer- 
vation of its vigour and magnitude; for pre-^ 
vent the intercourfe of air with flame, and it (hall 
dwindle and die away, as would any animal 
when deprived of its fqod. So that in all be* 
ings we fee the ©economy and providential 
care of Divine gopdnefs difplayed in the abund*^ 
ance of food conveniently placed for their fup- 
port and prefcrvation. And this alfo proves the 
truth of our inveftigation of material agents 
to adtuate nature ; for, altho* all beings exifl: in 
the omnipotent Creator, yet we fee their exift- 
cnce and utility depend on the material nutr}^ 
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ments he has prepared for th6fe bodies and its 
convenience^ which in fadt is no other than the 
bodies theml'elves, their intercourfe and the id* 
flucnce they have on each other ; which in ^ 
word conftitute the whole frame and machinery 
of nature, its beings and powers. 

Hence then the neceffity of an influent cur-^ 
rent of air to flame, hence the reafon why air 
fliauld flow into a roodl or fpace where a fife, a 
candle, or animals are placed that confume it, 
and hence alfo It appears that a juft equilibrium 
is ever fuftained. For if the air or pabulutn 
near the luminous body is more rare, tecipro- 
cally the luminous efFufive matter k there more 
denfe, &c. vice verfa^ fo that in all parts of 
!he circumambient fpace, an equal fpiflitude of 
fttch fubftance is fuftained by the influent and 
effluent matters ; for the luminous body tho' it 
confumes the alimental matter does not annihi- 
late it, but drgefts and aflimilates i^ to its 
own nature, and changes it into light which it 
then emits and propells, according as if takes 
in more nutriment. This mutual intercourfe 
between the influent and effluent matters, arif- 
ing from the power of fiery bodies to receive^ 
change, and again propel the fame fubftance 
in a different form and diredtion, produces a 
Vol. II, G 
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perpetual motion and traffic of fubftance be^ 
. tween the great principles of nature, and an 
equilibrium between their powers. There is 
then between thefe ccleftial luminaries and the 
firmament, wherein they are thus fixed, the 
fame fuftaining intercourfe as fubfifts between 
the terraqueous globe and its atmofphere, by 
which both they and all earthly bodies are 
preferved. And no doubt, this latter inter- 
courfe between the fubaltern principles of na- 
ture, takes its rife from that of the grand and 
primary principles of nature, which fill, per- 
vade and rule the whole creation. And to 
render this theory more general, from the rea- 
fons fet forth throughout this and the preced- 
ing lectures, and what we experience in nature, 
we have room to conclude, that the pabulum 
of every fiery body, be it a fluid, as air and 
oil, or reducible thereto by heat, as wax or 
tallow in a candle or lamp, &C. when conve- 
niently placed, mud be in a continual flow to 
the confuming body, direftly as the efFufions 
of that body in the form of light are in a con- 
ftant flow from it. If the efFufions be con- 
ftant and uniform, fo mufl the infufions of its 
pabulum ; if the former be great or fmall, fo 
muft be the latter ; and not only the flow of 
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the infufions is conformable to that of the eflFu- 
fions, but the quantities of the influent and 
effluent matters 'are always proportional, and 
in any given time mull be the fame> eflfedts 
being as iheir caufeis j for the flame is but an 
elaboratory, which annihilates not, but trans- 
forms its food, and then excludes it in luminous 
emanations. Hence a clear proof of the ne- 
ceffity of a folar pabulum in the form of a fluid 
furrounding him on all fides, and fupplying 
matter for his perpetual efFufions. Hence alfo 
a proof, along with others hereafter to be given, 
that the quantity of matter in the univerfe is 
the fame now as it was when firft bodies were 
created and formed ; for it is not leflened by 
confuming bodies or fires, which efFufe in pro- 
portion as they receive. And their efFufions 
perifli not : for in the laft ledture we have feen 
that the folar emanations being . propelled by 
him, and prefled into the fund of celeftial mat- 
ter, are transformed by it : now why (hould 
not-the one have an aflimilative power as well 
as the other ? the fithefs of things requires it,, to 
fofter and aftuate the vigour of bodies, whe- 
ther firm or fluid, whether animate or inani- 
mate, to cherifli them, to excite an aftive pro- 
penfity, and to generate a fuccelTive caufe of 
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equilibrium in the powers of nature. Thisequi- 
libriam proceeds from an equality of power 
and efficacy in the oppofite principles of na- 
ture, which being equal and contrary, are ever 
undoing each other's effefts. It compels the 
the parts of any fluid occupying a given fpacc 
to difpofc themfelves fo as to produce every 
where an equal quantity of fubftance, fpiffitude 
and vigour; it is the fource of the various 
changes in the conftitution of natural bodies, of 
the viciifitude of the feafons, of the alternations 
of day and night, and in fine of all phyficat 
operations. 

For brevity, let us now fuppofe ourfelvefc 
to have already paffed from the fun thro' 
the prodigious mounds of celeftial matter that 
embofom and nourifti the ftars, until we come 
to a ftar of the third magnitude, where being 
now ftationed, we are equidiftant between the 
fun on one fide, and ftars of the fixth magni- 
tude on the other. And hence again travelling as 
before through the regions of the firmament, 
to wit, its fidereal vaults and vail mounds of 
celeftial matter, let us continue our progrefs, 
until we arrive at the dark denfe mound fur- 
rounding a ftar of the fixth magnitude, or one 
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of the remoteft vifible to 'the naked eye. And 
here let us make a fland as before^ to view the 
furrounding canopy embelliftied with ftars. 
The fun we find on the one fide now appears a 
ftar of the fixth magnitude j and the telefcopi- 
cal ftars on the other fide now affume the mag- 
nitude and brilliancy of ftars of the firft, fe^ 
cond, third, &c. magnitudes, according to their 
refpedtive diftances from our prefent ftation. 
How many ftars of different claffes there may 
be in this or any other direftion, or to what ex- 
tent they are continued, is a queftion unanfwer- 
able and ufelefs, except to fix our attention on 
the works of Omnipotence, and therein to ad- 
mire, praife, and glorify our God and Creator. 
We muft content ourfelves with concluding, 
that on this and every other fide, until we reach 
the laft boundary or adamantine ftiell, which 
confines all material nature, there are as many 
ftars as the Creator faw it meet to form to 
qualify the celeftial matter, to embellifii the 
heavens, to fix celeftial marks for aftronomers^ 
to determine the motion and periods of the pla- 
nets and the meafure of time by, or in fine to 
fill the minds of men with awe and admiration 
of the power and glory of an Oranipotcni 
Creator. 
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Leaving this qucftion, then, to be difcuffed by 
others, we arrive at length at the remoteft of 
the telefcopcial ftars. Here no more ftars are to 
be met with in that direction ; we find now 
before us the ccieftial frame or firmament which 
encompaffes and fets limits to all material ex- 
tenfion. The thicknefs or depth of this great 
barrier between bounded and infinite fpace 
may be equal to the diftance between any two 
ftars of different clafles, but its denfity is far 
greater than that of the medium between the 
ftars, on account of its greater diftance from any 
rarifying luminary. The deftination of this 
bounding (hell of nature and of the partitions 
of celeftial matter, befides that of nouriftiing and 
fixing the ftars in their refpedtive places of the 
firmament, is to hem in the powers of nature, and 
to rcfift, bear down and confine the expanfive 
vigour of thofe luminaries : for otherwife, like 
our fubterraneous fires that vent their raging tor- 
rents from volcanos, thofe celeftial fires would 
burft forth on all fides, and fpend their fub- 
ftance, vigour and efficacy in an infinite void. 
Thefe firm boundaries are therefore neceflary to 
prevent the wafte and lofs of the folar and fide- 
real effufions in infinite fpace, to confine its me- 
liorating influence to the beings of nature, and 
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to fertilize the earth and planets, to render pro- 
lific the animal and vegetable kingdoms, and to 
qualify the celeftial matter for fidereal nutri- 
ment ; whereby a mutual exchange of the celefti- 
and folar fubftances is eftabliftied between the 
firmament and its luminaries, the primary 
agents and fources of material powers, whofe 
oppofite qualities, light and darknefs, heat and 
cold, are, as it were, ever contending for a maf- 
tery over each other within thi^ *(hell of nature, 
or in perpetual ftruggle for a balance. By this 
(hell alfo thefe powers and mean-fprings of na- 
ture are fixed and their vigour continued to fti- 
mulate and preferve the planetary motions: 
wherefore this extreme and univerfal boundary 
of material and limitted fpace may be called the 
Ihell of nature, or boundary of the mundane 
fphere. And here we cannot but admire the in- 
Vcntion and fagacity of the Egyptians in the hi- 
eroglyphick reprefcntation of their god Eneph, 
or creator of the world ; which is an human fi- 
gure with an egg coming out of its mouth : an 
emblem, which with chriftians may fignify the 
word of god, which was god by whom all 
things were made^ and without whm no thing wa^ 
made. 
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Now let our imagination pafs the limit of cor* 
poreal e^iftence, and {landing, in idea, on its 
convexity, let us turn our confideration to 
boundlefs fpace, which is vend of (ky> ftars, 
atoms, clouds, light, or any material fubftance ; 
fqr all fuch. material beings are confined within 
tjjjs boundary of the mundane fphere. Tho* im- 
iTi^nfe the regions, through which we have paff- 
cd to come to the boundary of material nature; 
tho' this mundane fphere be in comparifon to the 
earth greater than is the earth itfelf in refpedt to 
d grain of fai^d ; yet this fiupendous fphere is 
not as ^ grain of fand, but rather as a mathema- 
tical point in infinite fpace, which is occupied by 
the omniprefent majefty of the Creator, 

But in order to form fome more determined 
idea of infinite fpace at the point of this mun- 
dane fphere, whereon we now imagine ourfclvea 
Handing, kt us conceive two tangent lines 
drawn rc(^angular to each other, as if horizon- 
tally, fo that a line drawn vertical to them would 
upon the earth determine the 2enith and Nadir ; 
but where we now fuppofe ourfelves the cafe is 
4itfcrent, for no fuch lines drawn in boundlefs 
fpace can mark a Zenith or Nadir, becaufe thefe 
terms imply a point, as it were, on fome furface 
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above and below ; but here every fuch idea is 
precluded, for travel for all eternity along any 
of thefe lines, and you meet not as from the 
earth a bounding (ky, or with any other limit or 
barrier, all fuch ideas being inconfiftent with in- 
finite fpace. 

But in comparifons of this kind mathematici- 
ans muft be filent and wave all calculations, as 
there can be no ratio between bounded and 
boundlcfs fpace, even though the magnitude of 
the former were taken at the utmoft limit man 
can conceive, or numbers exprcfs. How ab- 
furd then and unphyfical were the notions and 
fuppolitions of the atomic philofbpers, who 
imagined to themfelves an infinite fpace filled 
with atoms! For, though they fliould fuppofe 
the bodies contaioed ever fo large, and feign to 
themfelves an infinity of them to fill thisbound- 
lefs* fpace, the notion would ftill be contradic- 
tory ; becaufc the idea of filling neceflarily 
brings to the mind the remoteft or outfide bo- 
dy's being at the termination of infinite fpace ; 
which conception \s deftrudtive of any idea we 
can form of a boundlefs or infinite fpace. It 
would be equally ridiculous to fay in what point 
of infinite fpace the univei fe was made, becai^fe 
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there is no conception of a fite or tocal pofition 
in unbounded fpace, all pofition and extent de- 
pending upon matter. All that we can fay, 
therefore, is, that Omnipotence created matter ; 
and as matter without bounds appears ufelefs 
and inconfiftent, that he has framed in material 
nature, and thus affigned the dimenfions of 
bounded fpace by the creation, which alfo gave 
commencement to time or limitted duration. So 
as time is, as it were, an intercepted part of eter- 
nal duration : the material univerfe is alfo a li- 
mitted part of infinite fpace, and may be confi* 
dercd as a fphere of a determined magnitude, 
wherein all the bodies of nature arc confined, wc 
may fay, as an egg within its flielL 
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Cold, the quality of a real and material fub- 
ftance, proved from reafon and experience. 

ARCHELAUS, an athenian philofopher, 
who lived 6oo years before the birth of Chrift, 
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held that heat and cold were the firft principles 
of all things. In this he differed from his piafter 
Anaxagoras, whofe firft principles were matter 
and fpirit ; the former originally in confufion, 
but feparated, diftinguifhed and difpofed in thq 
prefent beautiful order by the fpirit. This no- 
tion feems to have been borrowed from the mo- 
faic account of the creation, which the difciple 
alfo might have admitted, altho' the powerful 
operations of heat and cold on all bodies might 
have induced him to make them primary phyfi- 
cal agents ; and in this cafe his opinion would 
have been entirely unexceptionable, had he ana- 
lyzed and exhibited the fubftances on which 
thefe qualities depend ; otherwife his opinion is 
unphyfical, as introducing qualities without prin- 
ciples or fuftaining fubftances; whence they are 
ftiled occult qualities. 

Boerhaavc differts largely on the efFeds of the 
two qualities, heat and cold, and fhews that they 
are very forcible on all material beings ; he alfo 
departs fo far from the notion of abfolute quali- 
ties, as to make heat thcefFedt of a pofitive be- 
ing called fire. But he reafons not fo philofo- 
phically on cold, which he makes the efFed of 
perfedt reft ^ which notion is as indefenfible as; 
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the conception of heat, which he himfclf rejefts ; 
for he will not admit heat to be a motion of the 
particles of matter, without a caufe ailigned to 
produce that motion. We (hall therefore en- 
deavour to correft this erroneous conception ad- 
mitted by fo many philofophers and chymifls, 
and (hew from the production, agency and 
powerful efFefts of cold, that it is neither a ne- 
gative nor ideal quality, but the funftion or ex- 
ertion of a real and material caufe. 

In our fecond ledture we have obferved that 
expanfive vigour, whereby heat, not only en- 
larges the dimenfions of all bodies, but even, if 
intenfe, deranges and expands their parts, fcts 
them in motion, and is capable of diilblving 
the hardeft bodies. On the other hand,* we 
learn from experience, that cold reftores fuf- 
ed metals to their original firmnefs by contract- 
ing their dimenfions, and uniting their parts. 
Dodtor Boerhaave, in treating of cold, which he 
takes to be the abfence of fire, aflerts that by 
the a^ion of cold all bodies are equally afFefted ; 
that no body was ever difcovered, tho' ever fo 
firm and clofely compa6ted,but mighf be farther 
condenfed by it ^ even diamonds themfelves, the 
hardeft of bodies, not excepted. Then treating. 
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of artificial cold he fays, it has long ago ap^ 
pcared by chymical operations, that falts, the 
very inftant they are diffolved in water, will ex- 
cite a greater degree of cold than was in either 
of them before the mixture,of which fal-ammoni- 
ac is the principle : for putting one of Fahren- 
heit's thermometers into twelve ounces of water, 
the fpirits flood therein at 50 degrees; then 
throwing into the water four ounces of fait, re- 
duced to powder, and mixing them brilkly to- 
gether with a flick, the fpirits fell to the degree 
25 ; whence he remarks, that fal* ammoniac mix- 
ed in a fubtriplicate portion, will generate 28 
degrees of cold in this thermometer. Hence 
we fee by experiment, that certain fpecies of 
matter are produdiv;e of cold, 

Fahrenheit's difcovery on this head is worthy 
attention. Having fpirit of nitre, fo ftrong as 
to be near one and an half the fpectfic gravity 
of water, and pouring two ounces of this upon 
a little fcraped ice, and putting the thermome- 
ter therein, whofe fpirits flood at 40, they pre- 
fently funk to 4 degrees below o ; and having 
contrived a thermometer with quick-filver, which 
according to the temparature of the air flood at 
16 degrees above o, and put it into a mixture 
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of feven ounces of that nitre and fome ice finely 
powdered, thej mercury fell 30 degrees, /. e. to 
14 below o. Here we may again obferve, not 
only that there are matters produ£tive of cold, 
but that of this number is a fpirit, whofe ftrength 
is charadtcrized by its weight j whereas in fpirits 
produdlive of heat, the ftrength is meafured by 
their levity. 

Boerhaave remarks, that the greateft natural 
cold has never been obferved to fink the Ther- 
mometer below o ; and then all animals and 
vegetables that are cxpofed to it die immedi- 
alcly : that art, liowevcr, has encreafed ft 
40 degrees more. But to 32 degrees a- 
bove o, which is the freezing point, 40 be 
added, the heat of the air will then be 
fo great that we could not bear it without re- 
freftiment ; whence it follows, that the encreafe 
of cold produced by chymical preparations, 
exceeds the tranfition from our winter's cold to 
the fcorching heat of the torrid zone. This 
great chymift confidering the powerful efFefls 
and reciprocal fucceffion of heat and cold, 
obferves, that if bodies are dillated by one, 
they are condenfed by the other : and that the 
condenfations are always in proportion to the 
intenfityofcold^&c.from which confiderations 
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he infers, that iii every folid body in the uni- 
verfc there is a conftant periftaltic or oflcillatary 
motion In all the particles which enter into its 
compofition ; and for this reafon, he fays, it 
feems that the 'great author of nature has or- 
dained, that viciffitudes of things (hould be 
permanent and unalterable, that the whole uni- 
verfe might thus remain in perpetual motion 
not only in the large bodies, but through their 
moil intimate particles, that thus the produc- 
tion, encreafe, decreafe, and diflblution of every 
thing might be brought about by the fame uni- 
verfal law. . In confirmation of this we muft 
obferve, that altho* 32 degrees above o in 
Fahrenheit's thermometer is fuch a cold as 
prevents vegetation, being the freezing point, 
yet this cold by art will encreafe fo as to fink 
it 72 degrees lower. Again, heat is formed 
to raife mercury 600 degrees above o. What 
numerous changes therefore muft bodies under- 
go between thefe extreme degrees, or between 
that heat, which vitriiies ftone or iron, and the 
greateft degree of cold, or that which freezes 
quick- filver ? 

It has every where appeared throughout this 
work, and conftant experience ftiews it, viz. 


96 THE FIRMAMENT 

that heat opens all bodies and obliges them to 
exhibit and put forth their powers aod quali* 
ties. We alfo difcover that cold again binds 
up the fame bodies, and that it reftrains and 
confines their powers and qualities. Heat gives 
life, generation and growth to. animal dnd ve- 
getable produdions. Cold, on the other band, 
prevents their growth, checks their vigour, re- 
ftrains and even fafpends all their lively ope- 
rations. In Ihort, thefe two qualities fecm to 
adt with magifteiial fway, and at the fame time 
in direct oppofition, as if the Creator had form- 
ed two imperial powers of oppofite principles 
to carry on all the operations of nature, and 
ftill to counteract each other's efFefts, fo as to 
produce a perpetual viciflitude and aninaation 
of nature. For both extremes, continually ex- 
erting their influence over material beings^ 
feem to labour with contending efforts to efta- 
blifh a general equilibrium^ and produce a ftag- 
nation of all motion. But the author of na- 
ture hath wifely ordained, that their dominion 
(hould be pattial to libra te the balance of na- 
ture, and alfo fucceffive, fo that their a(5tion3 
fhould rather produce a mutual irritation, than 
a mutual fufpcnfion. Thus all the operations 
and alternations of nature are effedted, either 
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by thdr fuccdfive. predominancy, or caramon 
tenvperature* This mechanical mode of .a(3;ion 
betwe^ heat and cold has hitherto reiin^^ed 
vnknown, but (hail be fully exhibited in the J 

courfe of this work. -^ 

Cold, one of thofe great ^eats,..is cpnfv- 
dered in modern phyficks, as it was by Arche-- 
laus^a^id all philofophers fince his tiqfie,y^ oc- 
cult quality without principle or fuftainipg ifub- 
•ftance,.as.a mere privation of heat, whichran- 
tient.,philofQphers, either thro* art or thro'jgno- 
ranee,, ftiled a prjivative caufe, fuch an one, 
.however, as was capable of counterafting a 
powerful pofitive caufe; Upon a proper dif- 
cuffion of the modern doftrine, . which copies 
the antient on this head, cold will even appear 
an eternally exiftent principle, .to conquer 
which, the Creator is obliged to bring light 
intft cxiftence ; a notion not only unphyfical,' 
but favouring of heathenirti obfcurity. Heat 
and cold give various motions to the different 
parts of the atmofphere ; they excite currents, 
winds, ftorms and meteors, whereby hetero- 
geneous parts are blended, depurated, quali- 
fied, and affimilated for the purpofes of na- 
ture, for which it becomes unfit ^heni thefe 
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changes ceafe and its motions ftagnate. The 
fame may be faid of the earth and waters, 
VifMth evidently stppear to be under a like do- 
minion. A fliort review of the particular ef- 
fects of each quality, according as it predomi- 
nates, will verify thefe remarks, and open a 
^ vifto to further difcourfes. 

We have already feen, that our elaftic mat- 
ter, which is the. bafis of powers and qualities, 
the fource of vigour in vegetables and animals, 
and which derives its predominant power of ex- 
panifion from the light in its /Conftitution ; we 
have feen, I fay, that this fubftance is reduced 
and Ihackled down by moifture j and now we 
Ihall find that it is repelled, compadted, and 
condenfed by cold. For the contrary on, which 
cold produces in bodies, is an evident indica- 
tion of its operating that efFedt on their elaftic 
matter, which in them is the principle of ex- 
panfiort. The numbnefs, which the nofe, 
fingers, toes and other extremities of a perfon 
long expofed to cold, or travelling through 
fnow, acquire ; the mortification of fuch parts, 
and their dropping off, not unufual in cold 
climates^or on high mountains, where the cold 
is intenfe and the fnow of long continuance. 
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jf)lainly fhew,'that the elaftic matter, wherein 
the ftrength* and firmnefs of the animal body, 
and the life and vigour of its fpirits confift, 
muft have retrred from thofe flender parts, and 
left them to mortify and fall away, defti- 
tute of fenfation, life or firmnefs. For the 
quantity of elaftic matter, which relides in 
thofe parts, is infufficient to refift the cold that 
furrounds them, and, being remote from the 
body^ is unfuftained by the fund of elaftic mat- 
ter therein contained ; wherefore it is forced to 
retire to the central fund to form a refiftence. 
So fmall detached parties that are fet /m ad- 
vanced polls, when a town is threatened with 
a fiege, on the enemy's approach are forced to 
retreat into the garrifon, there with united 
force to make a general refiftence. This pow- 
erful attack and hoftile invafion of cold upon 
the elaftic matter is ftill further confirmed and 
illuftrated by the following inftance, if fairly 
interpreted. 

In the time of a hard froft, bottles of wine 
cxpofed to this extreme cold will freeze at the 
farface, and for an inch or t^yo deep on all 
fides, or even nearer the centre, according to 
ihe intenfity of the cold. On breaking one of 
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thefe bottles, and cutting through the ice, a 
cup or fpoonful of wine will be found in the 
middle very delicious and high flavoured, and 
far more excellent than what the bottle at firft 
contained ; and the fmalter the quantity thus 
rcmainlngliquid, the more cixquifite will it be- 
On the other hand, if the ice be iiielted, the 
fluid it yields will be infipid and fdlrcely better 
than water, either in fpirit, colour or flavour $ 
all which efFe^Ss fliew, that the elaftie fpecres 
of the original liquor retired on all fides from 
the invading cold, and carried ^vith it towards 
the centre all its powers and qualities, which 
are the more ftrong and fehfible, in proportion 
as their bafis the elaftid matter is more con- 
denfed. If this ice were diflblved by a natural 
thaw, inflead of an artificial heat, the departed 
qualities might in fome degree return to their 
fornfier refidence ^ which (hews, what a differ- 
ence there is between the operations of art and 
nature ; and that fpontaneous efFefts are a more 
true and infallible fource of natural knowledge 
than artificial experiments. 

From this laft inftance it may be reafonably 
Gonjedtured, that at thq deluge much of the 
elaiRic fpecies at, and near the furface of the 
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earth lyiuft hgve retired from the cojd oi the 
cncompaffing waters, towards the c^;i^re. Xhe 
n.^tural, coldn.efe of the water, tpgetber with 
the long interruption of the fua's §epi^l heat^ 
which nurtures en4 preferv.es, the vigour of the 
elaftic rpatt^r, (houid have reprelTed this Cub- . 
ftanc^^ violently from the, furfa,ce; and the 
elafiic matter thus coi;npa(^ed an4 concen*- 
fl'ated, fhould have kindled to fir^ in the. 
bowels of the earth, which on the rep^fs of 
the flood got verit through the fiffures of the 
e^rth, and prpb^bly was the caufe of vql^anos, 
Thjcfe vulcanojs^ whofe fir^s are ftill nouriihjed: 
by the fulphurfi^, rai^^r^la atid qth«r combuftn 
1^1$^, which the earth contains^ rnay be. ufeful 
in; preventing earthquakes, but may b? deiri-s 
i3[j$p<^. ill another refpedt-, becaufe, by cajry-v 
ing cff the olaAic matter, they prevent that 
^\ial difTufion of it, that might again tak^ 
place^ whereby this fubftance returning to ^he 
fugf^^e of the earth, would reftore to the poft^ 
diltuvi^ns the vigour and fertility of the antQ^ 
diUuvian worfd. 

The f^me theory of the elaftic matter's re- 
tiripg from cold, may ^Ifo be tried by the fplr 
lowiBg teft, l.et two thermometers pf the fame 
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quality and dimenfions be provided, and placed 
on a window, expofed to the open air, the one 
refting on the bottom of a ghfs cup contain- 
ing water fo high as to cover the bulb, and the 
other fufpended in the open air. If during 
the time of a freezing cold, the fpirits of that 
in the air fall lower than thofe of the immerfed 
thermometer, it will prove the cold of the 
air is greater than that of the water, the prin- 
ciple of thiat quality adling more freely upop 
the air, and not being counteradted or refilled 
in that element with fires fo denfe as are con- 
textured with water. But, according as the 
cold invades the water and congeals its fur* 
face, the fpirits will condenfe and fink, the 
claftic matter of the water having then retreat- 
ed towards the bottom. At length, when the 
congelation reaches to the bottom of the water, 
the elaftic matter (till forced to retire, and thus 
condenfed under the bulb, will excite the 
fpirits forcibly, and caufe a fudden rife, not by 
paffing thro' the glafs into the mercury, that 
feeming incompatible with the continuity of 
glafs, but by exciting the elaftic matter of the 
glafs to the fame degree of expanfion and heat, 
as was produced in the elaftic matter of^ the 
water by the a&:ion and compreflive force of 
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cold i and thefe qualities are in the fame tpan- ;, 
ner communicated from tb^ elaftic m|tter of 
the glafs to that of the mercury, which occaf 
fions the rife. But this i^ to be diligently * 
watched, left it (hpuld efcape the obfcrycr*s nq-. 
tice ; for the fpirits, thro' their volatile natvirc, 
may fuddenly contra^Jt and fall, ■ --j 

To give another inftance, and at the fame 
time explain a common phasnomenon, it is 
o^ferved, ^^at moift hay. or vegetables of any 
k}nd, flackedjip in large heaps and well prefied 
tc^ethcr, will, J^fter fome time heat, then burp, 
and j)erh5ips.kjndle into a flame; becaufe the 
elaftic fpeci€s, of which vegetables contain a 
large (hare^ i$ co^ce^vtrRted to^^ards the middle 
of the he^pby Jlw.cold of the. ambient air, 
v^hcfie, ;tH;<o:yj§;3e3(pitnfi^ ^©aiure it efFervefccs 
apd iVtjgglesjjtQ 4>^ enlarged from its confined 
ftate. .Thefe'expaijfive exert ipq§ generate heat, 
which C^.fc& a option and.conflidlof the fpecies 
apd aiiiiTjatw ijs fcverbemtbn*, until fine ^nd 
flame be jirodbced. In Kkc maiiner the elaflic 
naatterqf.ihe earth aadrits productions^ retiring, 
from the humidity and cold of the furrounding; 
flood,' was :con&ned. and violently compadted,. 
and ftruggliag to expand by its adtion b^ga^ 
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faittt; which fobri iittjiroved to flkme. Whence 

thfe' ori^ (rf hot fprings ahd vtilcanos ; and' 

virhchce alfb the heat' of rtincs and collierieiSj 

wWbh irtfereafts iti jiropol-tion to Iheir dbpth. 
Thtfe anff {kMM phoenomerta art fo fi^qucnc 

• and ftrikiafg, 'fh&t fortic phibfbphefi^ were in- < 

duccd to think the central patt of the earth a 

fire or fun. 

r 

We may- takd another' proof 'fronAdearicity. 
The bar oi^ pririie condudoi^ of an efedtrifying 
lAachine iii always mbife^ ftrorigly cfewged, aftii 
emits more cop'itiiR^ ifl frofty Weather thaw m 
hot, rrioiftv or a:hy mhet kfirid of weather ; be- 
cdufe, when the air is extren^ely coM, its elec- 
tric, or ckftiJc fpecies flows copiouily to the 
frifted glaft, whofe excited bckt invites it from 
the preffufe of the cold : as it accumulates on 
thitf^ it 5€t5 With itpiAGve Vigcni/^ atrd pafle& 
into any condoftor lh« k *<rithin( the reach of 
its citiAh^xidt^^ arid the'rt to' th^ earth or any 
cither touching or cotftiguGUS body dot already 
fatiirdted^ all thefe bdAg lefs. cold' thap tlie air/- 

. But if all the cohduftc^s and' the ekdtrifying. 
glaft be infulat^d^ thi^clfcftriq matter may bei 

, adciffnuhted t6.. a.. certain degree of cdmpa€t'^t 
neft^ pTopOrticHiaWc t!cir the gt^tnefs of iht 


ANiI> ITS PKORPERT!DEa 105 

cold,, bur nt^ farther; fbr wbeit both powers am 
equal, to viUy thcf expaniion o£ thcr elfedTic mat?- 
ter, atid the pnelldire of the cold,. I fay when, 
thcfe are in tqmlibm^ the introdiwStion of, more 
eteftrie matter will render- thcf cxpairflve- force 
fuperioup to the prefiive, and- caufe emanations 
from the: bar or pegnant bodies, and prevent a 
further emrreafe o£; dei9iricity. Therefore, if 
iri^iftweidbth not intcrtone, the fbrce of elec- 
tricity vviJt be as tl^ fioxide- of the cddd:; cojafe^ 
quently the greater the froft the gseatec will' be 
the impregnation, &c. ' But moifture, or hu- 
midify* in the atraofphere, is a clog to hs adtion, 
as is iai^ticed from the lofe of force m gun- 
pDwdex", whofe expanfioi^ is redttced or Ifaackled 
ddwn by water, and* from many other phceno- 

m^Jna, ste well in common experience, as in 
etediikityr 

♦ Nofr from all thefe 6bfervafiion» and ftrikjng 
t^^^ it appears, that cold, whatever be its 
cftufe or |)rmcip|«, ?a « TOofl; powerful quality, 
an4>tHefote agent ol> nAtaral power, calcnlated 
for^ and cabbie to oppoife ai»d cotmteradt heat. 
That abfotnte reft, *i. e. tHe want of adlion ©r 
exet€!C»i (which implfes the want of power as 
weft as tile want of motion) ftxould be the n^- 
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tural caufc of cold, is perfedtly inconfiftcnt : for 
how could this want of a'dion and motion in- 
vade bodies pregnant with elailic or eledric 
matter, and force that expanfive agent to retire 
from its ftation, to accumulate and compact it-^ 
' felf in a very fmall denfe body, as we have feen 
in the bottle of frozen wine or pregnant bar, 
and aifo in the water where the thermometer is 
placed ? Such power of ail^ion, fuch force of 
impulfe, : cannot be called reft, or a[py thing 
tending to reft, 

Again, fince heat is the moil vehement qua-^ 
Rty hitherto difcovered in nature, mull not 
cold^ which is capable and feems formed to 
countcraft it, be equally powerful ? Tlie elaf- 
tic matter we know when compared and ex- 
cited is the moll aftive, vigorous andexpanGve 
principle in nature, what then Ihall we fay of 
the principle of cold, which repels, . compafts 
and confines it ? If heat be an -cxahed quality 
on one fide, cold is equal^ powerful on the 
other extreme. . Thefts .two qualities, are .ex- 
tremes and liniits in nature, between which ?11 
the operations '^nd elabpratioils oftiftattcr afe 
excited and performed. We have then reafon 
to congludf with Archelau?;, that h^at aqid ^qlc} ^ . 
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or rather the fubftances, which fuftain and ex- 
ert thefe qualities, are firft principles in material 
nature ; for no rational fyftem of phyfics will 
admit of a quality without a fuftaining (iib- 
ftance. As. then a principle or material fub- ¥ 
(lance is the fource and baJU of heat and light, 
fo cold and darknefs muft alfo have a fource 
and material bqfisy but of an oppofite nature; 
for properties arc as their effenccs, and vice verfa. 

It is the reigning opinion that cold is a'priva- 
tion of heat, as darknefs is of light. This is a 
principle which feems to me adopted by all 
philofophers^ at leaft I have met none who op- 
pofe it. Neverthelefs this opinion of fubflance* 
lefs principles is inconfiftent with tfie works of 
Omnipotence, is entirely unphyficaj, and muft 
have proceeded from vulgar undifcerning pre- 
judice, without an accurate idea or proper con- 
fideration of thofe old and unexceptionable ax- 
ioms, to wit, there is no effect without a caufe^ 
and fffelif muft he as their cau/es -, for in confe- 
quence of ihefe axioms, as cold and darknefs 
have real and pofitive efFedts, they (hould ne- 
ceflarily be allowed to arifc from, or to have 
real and pofitive caufes j othcrwife negative 
ones or uncrcations are to be admitted as pow- 
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crftjl j^nta in: nature,^ a thwg incompfttibfe 
with pbiloibpby and religion ; for pbilofopby 
v^ill not allow a nonentity to operate and pro- 
duce real ef&£ts ; and religion will not admit 
V of power, operation, or material of nature, 
wbich was not produced by the Omnipotent 
Creator. Cold then, which, cuiibs, condenCes^ 
rj^firains, and thereby invigorates heat; and 
darknefs, wbich envelops and abforbs light, 
are not to be confidered as the mere abfence of 
the qualitiei they overcome, no more than light 
and heat are to. be regacded as the mere abfence 
or negatba of daiknefs and cold, £0 that wo 
ai^e to confider all thefe la be the offspring of 
real and material agents. 

We knoAv from the focus of a burning glafs, 
' that light is the iburce of heat and fire, and we 
have from many arguments concluded : that; 
the fim is the focus £>r c^Ileftion of the light 
deftincd for our pknets. TWs is pretty clearly 
expreffed by Mofcs, He is not indeed fo ex^ 
plicit with regard to cold and darknefs, (altho*, 
by the way, he fpeaks of the latter as a real 
fubftance. (Gen. I. ch. %A. v.) But (hali 
we therefore conclude, that thefe qualities 
^re uncreated f No, tho' &e Scriptures wei^o 
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filent iiondemkig the pbwers of naituite, we 
ftlould of nectelflty -derive tbe exiftenee of evety 
material beittg, JJrindpk, power Jand<\ualt!y 
from a fUptcttte, felf-«<aftcnt c«iiife : -otherwiffe, 
contrary to the'prtecipltjsof pbyfic»^ we (hould 
^admltan effedk without a caUfe. 

To fiippofe a quality 'Without a fuppoftmg 
'fabiftance, h a oontiadidtidn in idea ; bedaafe 
themftant a qtiality is mentioned, the 4iiind 
'^tirns on itfelf, atfdinqdt^s ^bat it is ^ quality 
^f ; %hich opeiwion et the mind is either an 
kinale ' priiiciple<}f redfon, or a j udgmeht fbund- 
-ed dn cf6Winbn e»ptriende, either of which imo- 
"tives is-rfnaothority for the juftnefs and pro- 
priety of the queftion, and a^ prciof of the^rfiB:- 
ioni it fuppofes, to wit, that all qualities hdVe 
^eir fufta'mttig fubftances. This qtieflion can 
only be anfv^ered by an affirmative reply, f6r 
it is impoffible to conceive, how fomcthing, 
which rauft ncceflarily be ftipported by and 
depend upon fomething, can fufbfift on and be 
fapported by nothing. Cold therefore and 
daifkneis muft be fupportcd by feme kind of 
fabftance or fubftances. 


z' 
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NcMf is the difficulty eluded by faying they 
are privative qualities $ for, if fo, they mui^ 
have fomc privative fubftances to fupport them. 
For ^ the caufe and its powers being in imme- 
diate connexion, mull ever be alike circum- 
ftanced as to their mode and exiftence, that is, 
they muft be pofitive together, or negative toge- 
ther, real or ideal together J fo that one can never be 
real^ while the other is imaginary : and, in (hort, 
what idea are we to conceive of a privative fub* 
fiance? Is it that it wailes^ confun^es^ reduces, or 
deftroysanotherfubflance ? Isitthatitoppofesand 
counteracts it in power and quality ? All thefe 
effefts require a power in real aftion or an ef- 
ficient' caufe, whic^ muft ever be a pofitive be- 
ihg. In fliort, every agent in nature capable 
of afFeding bodies, caufing fenfations, and pro- 
ducing fenfible material efFc£ts, muft be mate- 
rial. Cold, tnen, and darknefs, from a multh- 
plicity of arguments, muft have their material 
fubllances. Whatever thefe be, they have hi- 
therto lain buried in the arcana of nature j for 
we find no fubftarice afligned for fuch qualities 
in any fyftem of phyfics which has hitherto ap- 
peared ; perfuaded, however, of its neceffity, 
we ftiall enter on an inveftigation of that fub- 
ftance after we make fome inquiry into the 
nature and caufe of darknefs. 


AND ITS PROPERTIES, ni 


•4-<'K'K4»44v..»^m|h»...*. 


SECTION III. 


Darknefs a real and pofitive Quality, a Pro- 
perty of the Firmament. Cold, alfo, a Pro- 
perty of the fame great Element 

» 

ALONG Vith many other infianees of 
infinite wifdom, which (tudents in optics difco-^ 
ver in the formation of the eye, they remark 
the neceility of the black matter or tinge of 
the coroides, and its convenient fituation for 
abforbing the redundant light that enters the 
eye, which, if not thus ftifled, would mix with 
the vifual fpecies, and confufe its impreffion, fo 
as to render the image it depids too imperfect 
and ill defined for diftindt vifion. The tinge 
and its utility, in this inftance, are one proof of 
the neceffity of a black matter having the 
property of abforbing and ftifling light. And, 
certainly, this abforbent of light muft exift in 
earth, air, and water ; in fliort, in all bodies. 
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the luminous excepted; for, how otherwife 
(hould the light of feveral candles or fires burn- 
ing in a room or any other confined fpace, in- 
itantaneoufly vanifh, when thofe luminous bo- 
dies are extinguilhed ^or removed ? Yet the 
faft is fufch, heat may continue, but no appear* 
ance of light will remain. 

The reafon of this has been long a myftery ^ 

and hence, why light as well as heat is not en- 

creafed in a clofe rooni by the coriftant burning 

of candles or fire, or why the former vani(hes 

' upon the extinftion of fire, while heat will con- 

^tinue aconfiderabte time, are queftions -with Sir 

'\Prancis Bacod, and might have beenfuch to 

*philofophers of every age, not having hitherto 

• been refolved. We may add this cbfervation : 

light-we have proved to be a material fluid as 

real as- air or-water J now either of thefe fluids 

^will encreafe and accumulate in a confined 

fpace, into which it flows ; ftiould notthcreftKC 

' light alfo increafe and accumulate in fimilar 

circumfl:ances ? Neverthelefs, a room or any 

other confined fpace, is as ftrongly illuminated 

at the fir ft inftant a candle is introduced, as 

after it has been there for many hours, when its 

light ought to have greatly encreafed, as heat 
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or water would have done, wcrfe the fupply of 
either continual. 


> 
.« 


This quefton is only to be anfwercd by thS 
fuppofition of an abforbing dark matter in the 
air, in the roofti, and in every body and fpace 
, in nature, the luminous ones excepted i which 
dark matter imbibes arid invelopes''the lumf- 
nous matter as faft as it flows. And it is this 
abforption that produces fliadow behind oj5aque 
bodies, which interrupt the luminous fubifence, 
that would othei'wife keep up the light of that* 

fpace, and replace the light continually taken 

, . r ,-▼ 

in by the abforbing matter. •. 

If there was riot fuch an abforbing fitattfrr in 
the air^ room, &c. to prevent *the' encTeale of 
light, and therefore to preferve its eohftant uni- 
formity in every place, into which it flows, 
reading, writing, or doing ^rfy fort of work by 
candle light in any corifined fpace would be 
painful and even perniciods to the eyes : for 
the light continually flowing from' the candle, 
and therefore increafing in the room, being re- 
flefted back from the walls arxJ ceiling, would 
ftrengthen fo prodigioufly on every fide, as to 
leave no darknefs or fhadow in the room' j but j 

Vol. II. I 
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on the contrary, produce a glare of light in eve- 
ry part, which would be as painful and ruint)us 
to the eye, as the conftant view of the fun or 
of a camdle fiame. 

Lighty we know, is a material fubiiance ; for 
that proceeding from a candle, lamp or fire is 
only a transformation of tallow, oil, or fuel, 
which are evidently tnateriak Now, to think 
that a nofbing-^ vFhich is the fame as a, privative 
quality, or an uncreated f(mer^ (which the ato- 
mic philo^phers and their followers fuppofed 
darknefs to be) ihouM inftantaneoufly gorge a 
prodigious flood of luminous matter, is more 
like a dream than, that Fharao's poor cows 
Ihould fwallow up the fat and well-favoured 
kine, and proves that philofbphers can dream 
as well as kings. 

That there is a quality or colour without a 
fupporting fubftance is ridiculous to imagine ; 
but to fuppofe that an imaginary quality (hould 
devour or confume matter is the quintefcence 
of abfurdity. On the contrary, that matter 
Ihould envelope, abforb, or confume matter, is 
as natural, as that matter Ihould beget or pro- 
duce matter : and both are evident from the 
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transformation of bodies, and confonant to the 
works of nature. For generations conftaiitly 
arifc from corruptions, and the birth of one 
thing from the diffolution of another, as we fte 
in the feed and its produce, the tallow and its 
light, and other fimilar transformations. Fire 
drinks up water, drought abforbs moifture; 
but it is not the qualities hot and dry^ which ab- 
forb the qualities wet and moift, but the body 
hot or dry abforbs and cnvelojpes the body which 
is wet or moift ; for it is body, and riot qualify, 
that has dimehfions 6r capacity to incorporate. 
So alfo it is a black matter which abforbs light, 
and not a fimpFe colour ; which, without a fup- 
jporting fubftance^ cih have no capacity to en- 
velope It. If^ therefore, light does not encreafe 
in a rootn, from the contirtual and fucceffive 
efFufions of candles or fires, and if the flood 
that fills it immediately vanilhes, when they arc 
cxtinguilhed, a dark matter muft exift fn the 
room, by which it is abforbed. 

Again, when the attnofphere is clear and free 
from clouds, we fee a beautiful flcy : it ap- 
pears by day a fine azure, and by night a ihin- 
ing jet. Philofophers affirm, that this is not 
matter, but an appearance thereof arifing from 

I a 
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a want of power in the eye to fee farther, or at 
ceflation of vifion, where nothing is found to 
ftrike the view •,. as iff forfooth it was the eye 
that put forth its vifual rays to gain a fenfation 
of body, fo that in mcettng no body, and ftop^ 
ping at the utmoft length, to which the eyes 
can pufh theiii, they ftiould produce the fame 
cfFedt, and impart the fame fenfation, as if 
they were flopped by a body, and thus induce 
tis to think there is really matter, where none 
cxifts. But the fadt happens to be quite the 
reyerfe; for the* light comes from ihc object 
feen to imprefs its image on the retina of the 
eye, which like all our other organs is entirely 
paffive, and muft be a(f\ed upon to excite fen- 
fation. The eye only becomes fenfible of 
an objedt, when the vifual fpccies from that 
objedt to it depidks its image more or iefs dif- 
tin&ly on the retina ; but, where there is no bo- 
dy to emit or refkd^: the luminous fpecies to- 
wards the eye, there can be no light emitted 
or rcfleded, and confequently no vifion : for 
vifion* in that cafe would be an efFedt without 
a caufe. Whence we may fairly conclude, 
that an appearance of body to the eye, or a due 
fenfation of it from any other fehfe, is a juft 
indication of its cxiftencc (the organ being 
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foppofed in its natural perfedion, which is the 
cafe with the generality of men). We muft 
alfo infer, that where no body exifts before the 
eye, there cannot be a fenfation of it. Indeed, 
a body may be before the eye without irnpart* 
ing a fenfation, as the vifible fpecies it emits 
or refleds, on account of its diftance, may not 
reach the eye, in which cafe it cannot produce 
fenfation, which is inftanced in the telefcopical 
ftars. There may then or may not be a body 
where there is no appearace of it* ; but there 
muft be a body where there is an appearance 
of it to the eyes of all mankind. Confequentr^ 
ly the azure fky we behold is a real body ; 
fir ft, becaufe it appears a body to all beholders : 
and fecondly, becaufe it has a colour, and 
therefore a fubftance to fupport and exhibit 
that colour. To explain the phaenomenon 
.otherwife, is in plain ehglifh, to admit an effedt 
. arifing from a defeft' of pow^r, or to afcribe 
the effeft of a (;:ertain determined material 
caufe to a mere nothing or negative caufe. 
Let any pne who is not biafed by fpch tenets, 

* We neither /peak of the properties^ Jize^ or 
^(ility of the body, butjimply of its exijience or non 
mjience. 
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make ufc of h\^ Qwn eyes and of his own xt^r- 
fdh, let bira look up of a bright day, when the 
cloudfi arc fcparated and detached from each 
other, and he will be as fcnfible of the firma- 
ment as he can be of a diftant mountain, or of 
the clouds themfelves. It is confpicuoufly feeri 
far above the clouds, thro' the intervals be- 
tween them, under which they float fwiftly, if 
there be a briflc wind, while the firmament re- 
mains firni and unmoved. 

Is it not wonderful to think, that the hea- 
thenifli principles of Democrates and Epicu- 
yius, tho* contrary to fenfe, reafon and expe- 
rience, (hould ftill fubfift ? Is it not ftill more 
furprifmg, that the light of fcriplure has never 
been employed to difpel the darkriefs of ihefe 
Atheiftical principlei^ ? This unaccountable de* 
ficiency has in a great meafure proceeded from 
the prevailing maxim, that a true philofopher 
fliould inveftigate and argue from mathematics 
and experiment alone. But (hoqid it not feem 
unbecoming in Chriflian philofophcrs, to rejeft, 
out of zeal for fcientific rigour, the knowledge 
they might derive from the moft authentic ac- 
count oFantient fadls and- the infpired relation 
of the origin and foripation of nature ; and at 
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the fame time, without proof or eiq)eriment9 
to admit atoms and vacuum on the word of m 
Heathen ? This inconfiftcncy is the more cul- 
pable, as every one will allow, that a know- 
ledge of the origin and produflfion of any thing 
tends greatly to elucidate its nature and proper- 
ties. But this inquiry muft be defered, until 
we conclude our pbyfical arguments on the 
jmateriality of darknefs. 

We have already explained the meanis^ 
whereby the powers and qualities of one body 
are fuperinduced upon another ; and how water, 
which has fo few fenfible qualities, is impreg- 
nated with thofe of other bodies. This wc 
have feen is efFedled by a transfufion of the 
matter or fubftance, which fupports and is en- 
dowed with thefe qualities, which being incor- 
porated with water, that fluid muft of courfe 
be impregnated with the qualities, which the 
matter contained and carried into it: and 
again, other bodies may have new qualities fu- 
perinduced upon them by this liquor or im- 
pregnated water. 

This transfufion of fubftance is as confpl- 
cuous in dying as in the making of decbftions. 
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Now many kinds of bodies are dyed black j 
cpnfequently, in this operation the matter en- 
dowed with that quality or colour is transfufe4 
into, and incorporated with the cloth or body 
fo dyed. It is moreover obfervable, that thefe 
black bodies always abforb light and reflect 
none, which is an experimental proof of the 
truth of this theory. 

* 

This is not a ftraincd or juggled experiment, 
like fome often exhibited and mifconftrued to 
fupport an ideal hypothefis; nor is it a folitary 
inflance produced in favour of the theory. It is 
fupported by daily experience j for blacknefs is 
every day fuperinduced on a multiplicity of 
bodies, which exhibit its predominant power 
to a degree of evidence, which obtrudes itfelf 
on every philofophick mind. For in treating of 
colours, if you a(k a philofopher what is black ? 
he will fay a privation of light caufed by a 
I>ower in the black body to abforb all the light 
that comes upon it. Confequently philofophers 
univerfally admit the abforbing power in -black 
bodies. However, they cannot pretend, that 
the black colour forms a vacuum in the body 
tp caufe this abforption ; becaufe dyers infill 
that the weight of filk or any other cloth is 
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encreafed more by bjack than any other colour ; 
which is an inftance, that this abforbmg power 
isf a property of a certain fpecies of matter of 
a very ponderous nature. 

But if we compare the two notions of cer- 
tain philofophers concerning ^lack or darknefs, 
we (hail find, they blow hot and cold with the 
fame breath to fuit their convenience. For, 
explaining black in the heavens, they fay it is 
a privation of light, which is loft in infinite 
fpape 5 but black in a body is a privation of 
light by an abforbing power of the body; 
Thus a pjenum and a vacuum have the fame ef- 
feft. Not to fpeafc of another abfurdity, to 
wit, that the fame nothing ftiould be the ftrong 
bqlwork that fixes the ftars, and by which the 
material world and its contending agents are 
ajl framed in. 

Jt is then the inherence of a black matter in 
bodies that produces the abforption of light^ 
and that enables us to change the colour of 
bodies, by incorporating with one the black 
matter, which has been extradled from another. 

• 

And the fame principle is the caufe of the abforp- 
' tjon of light in the heavenly fpaces, by the diflfufion 
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of this matter throughout all fpacc ; a pheno- 
menon, which can never be otherwifc accounted 
for ; the only caufe of it, which has been hitherto 
affigned, being an uncreation or a notbing\ for 
the black matter, its real caufe has till now 
been undifcovered, as was the fubftance of 
heat and light in antient times. 

Atomick philofophcrs, and perfons tindlured 
with fuch principles, call darknefs and cold 
pre-exifient or uncreated qualities; and even a 
fcripturean might imagine, that Mofcs implied 
fuch notions in his account of the creation, 
when he faid in the fecond verfe that the earth 
was 'without form and voidy and that darknefs 
was on the face of the deep. But he, who will 
conclude from this paflage that darknefs is un- 
'created, muft alfo fuppofe the earth in its firft 
rude and indigefted ftateto have been pre-exiftent 
and uncreated, which might have been the ori- 
gin of the doftrine of Chaos, and fuch fyftems 
of the Heathen philofophers. But fuch a con- 
clufion is entirely ill founded ; for in the firft 
verfe the infpired author exprefsly declares, 
that in the beginning God made the heavens and the 
earthy /. e. gave exiftence to the rude matter 
treated of in the fecond verfe, and confequently 
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to the cold and darkneis co-exiftent with it, or 
rather to the matter endowed with thofe quali* 
ties, to whoie univerial influence there was no 
pheck until heat and light, /. c. the fupporting 
fubftance of light was brought into exiftence^ 
to temper and difpel thofe dreary qualities, to 
qualify; n^liorateand vivify the grofs matter, 
and prepare it for the wor 1; the divine Architect 
had in contemplation. 

The facred narrative then ftands thus : the 
firft verfe points out certain materials, which 
the Creator made for the work in dcfign : In 
tbc beginmfg the Lord created heaven and earthy 
/. e. the matters of which the earth and 
heavens or firmament are gompofed. The fe- 
coiid gives a more particular defcription of thefe 
materials, tovnt^ that the earth was without form 
and void^ wUch is rendered thus, that the matter 
of the earth was inert and without quality, 
/. e. in the ftate of inert matter, and blended 
with the matter of the heavens, to which 
blacknefs was inherent, and which caufed the 
darknefs that involved the whole mafs and 
depth of the creation ; for depth or any idea 
of meafure is unimputable to infinite fpace. 
l^hc third verfe points out the creation of new 
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materials to warm, to illuminate, and to infpi* 
rit thofe already created, and to complete the 
ftrudture of the univerfe-. And the Lord f aid let 
there be light ^ and there was light. But in no part 
of this account do we fee any thing employed, 
which was not firft created and provided by 
Omnipotence. Whence then the notion of un- 
created matter or pre-exiftent qualities ? It is 
reafonable and confonant to our idea .of the 
Divinity to pronounce, that the divine Architeft 
created and prepared all neceffary materials 
previous to his works. Confequently before he 
made the frame of heaven or earth he created 
the matters proper for them, as we are told 
in the firft verfe, and endowed with the quali- 
ties defcribed in the fecond. Light, a fpecies 
of matter diftinft from thefe already created, 
gets exiftence in the third verfe, and is blend- 
ed with them for the purpofe of forming and 
meliorating them for the works of nature, which 
are fet in motion when the materials were all 
created. For the fourth verfe mentions their 
Operation, which at once irnplies their previous^ 
mixture, and (hews, that light and darknefs 
were real fubftances, for the operation perform-, 
cd on them, that is, their feparation neceffacily^ 
fqppofes real material bei'ngs. 


AisrrJ n*s PROPERTIES. 125 

We have feen in our fecond lefture, that 
inert matter is void of all qualities, except tan- 
gibility and extenfion. This has been inftanc- 
ed in white afhes, which Boerhaave calh pure 

. maiden earthy and infifted upon in all parts of this 
work. Moreover, we have (hewn in our firft lec- 
ture, that every fubftance and effence arc coeval, 
therefore inert, /. e, the terreftial matter had not 
then any fenfible quality : confequently the qua- 
lity of darknefs, which in Genejts^ is mentioned 
as coexiftent with the matters of the heavens 
and earth, muft have belonged to the former, 
and enveloped the tereftial nuattcr, fo as to au- 
thorize the defcription given of the creation, 
before light was made. That the celeftiai 
matter or firmament, where the fiars are fer 
Ihould be of a black nature, to abforb the ef- 

. fufions of thofe luminaries, correfponds with 
the fiinefs of things and the wifdom of the 
Creator. 

For the firmament, or that part of primordial 
matter deftined for the heavens and frame of 
nature, whofe quality was darknefs, and which 
conftitutes the vaft extended Iky we fee, bounds 
on all fides the great fpherical vault, which con- 
tains the copernican fyftem : and this immenfe 
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fpherical vault the fun is conllantly filling uritH 
his efiiiiions of beat and light. Now confider • 
ing thistt thefe conftant effufions from this fiery 
globe will be continually fwelling the flood of 
light thence refulting, how could any darknefs 
or Ihadow be found within the bounds, to which 
his emanaticHis extend, unlefs there exifted in 
the fame fpace fome abforbing matter to enve- 
lope and iliile light, as fad as it is effufed by 
the fun^ which has its effect principally when 
an opaque body intervenes* 

The followers of Democrates will fay^ that 
thefe effufions of luminous matter are loft in the 
vaft inane or vacuum of infinite fpace j where- 
fore, fay they, in this ocean of light the part 
which lies next that inane not having a flow of 
this matter, by refiedtion or otherwife back to us, 
muft be dark, as muft alfo the fpace in that 
line from the fun ; becaufe the body intercepts 
the folar beam, which fiiould illuminate it : and 
this dark fpace behind the body is. called a 
(hadow or privation of light. But a room or 
cellar is not furrounded by fuch an exbaufting 
vacuum; yet in either the fide only of an 
opaque body next the candle is illuminated, 
while the reverfe fides are dark and caft a 
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ihadow behmd them, notwithftanding the 
ftrength and firmne& of the walls and their 
clofe plaftering or wainfcbtting, which (hould 
certainly confine light and prevent its flying 
off to infinite fpace. Now on which of thefe 
two cafes (hall we ground our data and form 
our judgment in order to infer of the other? 
The one is within our reach, and we are con- 
vinced of its reality from universal experience ; 
the other is remote,, and tlie explanation given 
of it is entirely problamatical. If we follow^ 
the rules of philofophizing, we mull ground 
our argunients in the known and proved cafe ^ 
and conclude, that the explanation of light's 
abforption given in the other is as void of truth,, 
as the vacuum it fuggcfts is void of matter. 
Therefore we (hall lay afide prejudices, believe 
our fenfes and pronounce, that the ftarry 
canopy of the Iky is J^i^ firmament of Mofes, 
or great fphcrical mound, which inclofes the 
fpace in which the planets move. This fpacc, 
as well as the room above mentioned, would 
be replete with an ocean of light, were rt not 
terminated and occupied by a black fubftance, 
to abforb and devour the effufions of the fun. 

As we write for Chriffians it is needlefs to 
vindicate the authority of fcripturej but it 
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may be objeftcd that the language of the fa- 
cred writings, which we adduce to corroborate 
our fyftem, is not always accurate or to be un-^ 
derftood in a literal fenfe, frequent mention 
being made of the rifing and fetting of the 
fun, and other expreffions ufed, which feem to 
intimate that the earth is at reft and the fun in' 
motion : it may therefore be faid, as fcripture is" 
not to be depended on in thofe cafes, why 
ftiould we rely on it in other places relating to' 
the ftrudurc'of the ^orld, or the difpofition' 
of fuch part as are beyond the reach of fenfe ?' 
To remove this difficulty, we need only con- 

fider, that even in the prefent enlightened age, 
the moft learned philofopher or aftronomer, if 
he is fpeaking of the length of the days or nights, 
of a battle, fiege or fea- fight, will ufe the re- 
ceived expreflions, fun-fety fun-rife^ the fun's 
culminating or coming lo the mendian, &c. 
without being expofed to an imputation of ig- 
norance ; but, if he is to give a fcientific lecture 
on aftronomy or philofophy, or an account of the 
flrudture of the univerfe, he will then fpeak with 
a critical exadlnefs, and give an accurate defcrip- 
tion, not according to fenfe, but t© the real order 
and difpofition pf things. In the fame man- 
ner Jofliua, David, and the other facred penmeij 
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life occafionally the exprefllons alluded to, ra- 
ther as current, than accurate; but where 
Mofes h infpired to give a circumftantial ac- 
count^ not of appearance, but of a reality un« 
known to men, and unatainable by fenfe; 
there his exprelBond are calculated to convey^ 
tiot a figurative^ but a real nieanihg, and to 
give a juft idea of what he defcribes. 

Mofes tells us, in his firfl chapter, that God 
made 2i firmament cf the beaVens^ and fct the ftars 
therein : now fuppofe we did not fee a fine jet- 
like (ky, in which^ if we are to believe our eyes, 
the ftars are fixed ; fuppofe, I fay, we had no 
fuch ocular proof of what Mofes fets forth, 
(hould we hot rather believe his infpired words, 
recorded in a book whofe authenticity we can- 
not doubt, than the afRartions of an heathea 
philofopher? Yet our chriftian philofophers 
will reje£t the infpired declaraition of Mofes^ 
tho^ fupported by ocular evidence, and impli- 
citly rely upon the heathenifh principles of De^ 
mocrates and Epicurus, tho' contrary to fenfe 
and phyfical reafonmg. This (teflference for 
authority is due only to the declarations of th6 
Divinity, and more adapted to the myfteries of 
faith than to points of natural fcience. They^ 

Vol. IL K 
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however, find no difficulty in adopting fuch prin-« 
ciples : they will tell you that the firmament of 
Mofes is nothing but the vaft indne of Dc- 
mocrates and Epicurus, in which their atoms? 
floated, and, according to them, jumbled out 
a world, which being efFefted, a vacuum re- 
mained between the bodies which compofe it. 
And it is this vacuum, according to the follow- 
ers of thefe ancient philofophers, which puts on 
the appearance of a jet or blue Iky, altho* Mo- 
fes, in exprefs terms, calls it z firmament ; an ap- 
pellation not feeming to imply a vacuum, par- 
ticularly as he mentions it, as a fubftance in 
which the ftars are fet. This declaration is con- 
firmed by fenfe, as we have before obferved : 
and it is alfo the more confonant to reafon and 
experience ; for it is more reafonable to fuppofe 
bodies of any kind fixed in fome material fub- 
ftance than fixed in nothings which would then 
be the import of the text. Bcfides, if the 
firmament of the heavens, in which the ftars 
are fixed, were itfelf natbingj it would have 
been a falfehood, befides an abfurdity^ to fay, 
and God made the firmament of the heavens. Re* 
lying, therefore, on our fenfes, our reafon, and 
the veracity of thcinfpired penman, for the re- 
ality of the firmament^ let us endeavour more 
fully to iafcertain its qualities. 
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As enlightened philofophers have difcovered 
that heat and light are two qualities of the fame 
material fubftance ^ fo we are now authorized 
to think, that cold and darknefs are alfo quali* 
ties of one and the (ame fubftance^ of a nature 
oppofite to that of the fun and ftars. For as 
cold is a quality inimical and deftruftive of 
heat, a quality both pofitive and 'powerful, fo 
certainly it muft have fome real pofitive fub^ 
fiance to fupport it. Having then fliewn, that 
darknefs and Ihadow are caufed by the efFu- ' 
fionsof the firmament^ we (hall now examine 
whether cold be not alfo an effedt or property of 
the fame celeftial matter. 

Cold is not generated in the egrth ; for if it 
were, the lower people defcended into its bow- 
els, the colder they (hould find it $ but experi- 
• cnce evinces the contrary : for colliers and mi- 
ners fay, the deeper they dig their pits and fink 
their ftiafts the warmer they find it ; fo that the 
more fubterranean their fituation the warmer, 
as if they approached nearer fome hot body in 
the centre, as the matter has been explained by 
fome philofophers. We ^ are informed that in 
Hungary there are fait- pits fo deep and large, that 
families continue in them for fucceflive genera-* 
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fionsy the men working at the fait, and the wd^ 
men rearing their children and following their 
Various domellic occupations^ Here they find 
themfehres warmer, tho* furroundcd with falt^ 
tiian on the furface of the earth. Befides^ 
f|)irhig water in winter is found warmer than 
that of rivers. Caves m the fame feafon are 
irarmer than rooms above ground. All which 
(hews the earth to be rather a fource or gene- 
rant ef heat than of cold^ which is further con^ 
firmed by hot fprings, volcanos and fubterra- 
neai^ fkes^ Cold^ therefore, has not its origin 
i&theeaiitb. 

Water cannot Be the origin of cold, Being of 
a diffiifive natwe, which proceeds from the 
great quantity ©f eledte-ic matter blended with 
it. This fiery matter emanates from it fo copi- 
ottfly, as on dark nights to render objects vifi- 
ble which eould not be perceived on land ; but 
it is ftiil' more confpicuous in the gleam of 
light, which iSues from the waves dafhing 
againft fiiips or rocks, or breaking againfi each 
other. Befides, it is allowed that this quality of 
fluidity is owing to fomething of an hot nature 
incorporated with the fluid body ; which is con^ 
firmed from the congelation of water by ia*- 
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tenfe cold. It is alfo remarkable that the con- 
gelation begins at the furface, and thence prc>* 
cccds downwards, as if the cold came from 
abroad, which is again confirmed by the expe- 
riment of the two thermometers already men- 
tioned. The continents and floating iftands of 
ice that fubfift at the poles and in otha: parts o( 
the frigid zone, follow the fame procefi; in their 
formation, and prove that cold comes from 
above ; therefore its origin is not from the earth 
or. water. 

If we examine our atmofpbere, we (hall find 
the lower regions thereof warnaer than the up- 
per. And thofe who have made joumies to the 
tops of very high mountains, fuch as ^tna, the 
Alps or Crepacs in Europe, or the pike of Te-? 

• 

neriflf in the Atlantic, and the Andes in South 
America, afiirm, that the higher they afcend 
the coUer the region ^ and that at the tops, 
which are above the clouds, the cold is ezr 
tremely fevere, perhaps not left intenfe than ^t 
the pdes. Aerial travellefs, who mount by 
balloons, fay, the higher they afcend the coldei 
they find the region, except at the upper fur- 
face of a cloud which refledts light, ther? may 
b^ fome abatement of this extreme cold. Cold, 
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therefore, comes from above, and is not a qua- 
lity of the air ; for the air is compofed of its 
bafis the elaftic or eledtric matter, and the eva- 
porations of earth and water therein buoyed 
up; We have feen that cold is not a property 
of thefc fubftances •, nor can it belong to the 
electric matter to which it is inimical in power 
and propenfity, for cold exerts a convergent 
power quite oppofite to expanfion, the effence 
of fire. Thunder, lightning, ilreamers and 
fire-balls are fo frequently engendered in the 
air, that the atmofphere would rather be con- 
fidered as a fountain of fire and flame than of 
frigidity, were it not found fo intenfely cold in 
the higher regions. But from what we expe- 
rience we have reafon to conclude, that were 
thefe mountains higher than we have mention- 
cd, the cold would be found ftill more intenfe, 
^nd would continually encreafe th.e nearer we 
approach the fky; Confequently the firma- 
ment, or fome body therein contained, muft be 
the fource of cold. . Now as it will be fcarcely 
attributed to the fun, ftars, or planets, it muft 
heceffarily be a quality of the celeftial matter 
or firmament itfelf, in which, according to Moi 
fcs, the ftars are fet* 
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That light and darknefs are oppoiite quali^ 
ties, like heat and cold, which are always mo«> 
derating, countera£ling, and undoing each 
other's effedlks, all people will allow. Where 
then could thefe magifierial qualities be fo com^ 
modioufly placed as in the celeftial bodies and 
frame of nature, 16" operate and bear fway ia 
their turns over all her bodies and powers ? 
The expanfion and contraction of all bodies^ 
the fluctuation of the air and other fluids, the 
variety and fucccflion of feafons, the growth, 
perfedtion, and firmnefs of all productions de- 
pend oh the powerful influence of heat an4 
cold.- 

What then but the celeftial matter and the 
bodies it contains fliould be endowed with thefe 
imperial qualities to govern all nature, to ex- 
cite fubordinate powers to a£tion, or reduce 
them to an equilibrium or a fluctuating ftate B 
To prevent the extreme degrees of frigidity 
find torrifadtioii which would arife from the 
conftant adtion of either of thefe two powers, 
the earth in her circuit round the fun revolves 
about her axis and obverts each part fucceifive- 
ly to the fountain of light and heat, and to the 
^ur^e of cold and darknefs, with fu9h celerity, 


\ 
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fis to prevent the baneful continuance of eichef 
dominion, and to caufe whoiefome and fuccef? 
five changes with alternate incitements to ac^ 
tion for enlivening nature and for effedting all 
her purpofes. The feparate influence either of 
the luminaries or of the firmament^ by which 
they arc inclofed, being of fuch prodigious 
force and ^cacy as is neceflary to animate na- 
ture, would be defirudtive to vegetables and 
other productions of the earth, or of any other 
planet, were one fide too long exppfed to either 
power. To prevent then fuch fatal effe£ts 
from thefe irrefiftable powers, the earth and all 
other bodies dellined for like productions re- 
volve about their axis, whereby a fluctuating 
temperature is cfFeClcd and the viciflitudes of 
day and night produced ; both equally neceflary 
for the beings of the earth, and equally impof- 
fible without this rotary motion, or fucceflive 
and alternate prefentation to the agents of ma- 
terial nature. 

For, as without cold every thing would be 
pardied and confumed, fo without darknefs, its 
fifter quality, all fpace would be filled with an 
accuiQulated glow of Hght, arifing fVom the 
fucceflive and perpetual dBfufioiis of the fun, if 
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there was not alfo a black matter conftantly 
emanating from the firmament to abforb light 
and moderate heat, both which eSufions mod 
commodioufly flow in and blend together to 
form the setherial medium and vehicle of the 
planetary motions throughout the vaft fpheri- 

cal fpace around the fun. And as the firma- 
ment and the quantity of celeftial matter far 
exceed that of the fun and fiars, fo its efTufions 
muft be greater and its qualities more predo* 
minant in this etherial medium. Hence it is 
natural for cold and darknefs to fubfift and be 
prefent in every part of this fpherical fpace^ 
until heat and light come in, or be excited to 
correal: and difpel them ; which predominancy 
of thefe qualities induced philofophers to con- 
ceive cold and darknefs primeval, uncreated, and 
merely the want of heat and light. Hence 
the caufe of immediate fliadow and darknefs 
the inftant light is 'intercepted or withdrawn 
from any part of the fpherical fpace, by the 
abforption of this black matter, as we have ex*^ 
plained with regard to a room. Hence the 
changes of day and night, of heat and cold, in 
the different parts of the earth, according to 
their pofition or relation to the heat and light 
of the fuQ, or the cold and darknefs of the f|rT 
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mament. The power of the lafl muft increaftr 
on every planet toward Aphelion, and of the 
iiift in Perihelion, fo that the motions of the 
planets round their orbits occafion a new vari- 
ety in the effects of thefe magifterial powers. 

The followers of the atomic fyftem were 
ufed to boaft, that they had broke down the 
boundaries of nature; which evidently (hews 
it had been the fettled opinion frcxn the be-^ 
ginning of time until that fyilem was broached^ 
that material nature was framed in or furround- 
ed by the firmament. Nor is this furprifmg, 
fincc the firft pbilofophers borrowed their 
knowledge, in a great meafure, from the mofaic 
narrative. Thefe ancient innovators, however, 
contrary to the tcftimony of fenfe, impofe a 
vacuum on the world, as if a twnetuity could 
exhibit the colour and firmnefs of a fubfiance, 
fix the ftars, and be the compacting frame of 
nature. They likewife, contrary to experience 
and all reafoning, whetherphyficalor metaphy- 
fical, obtrude upon us qualities without a fup- 
porting fubftance ; for cold and darknefs are 
certainly qualities as well as heat and light. 
Notions like thefe are of the mod perniciou& 
tendency ; for cold and darknefs not being coi\- 
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fidered as fubilances^ were not objedts of crea* 
tion, and might have pafled for pre-exiflent 
and eternal. This perfuafion, being generally 
received^ might have outfived the improvement' 
of philpfophy, fo that after a fuftaining fub- 
fiance was found neceflary to fupport th^fe 
quaKtieSy this newly-difcovered fubilance, as 
well as the qualities themfelves, might ftill be 
regarded as uncreated, which is fubverfive of 
religion, and contrary to the honour of God, 
the fole felf-exiftant and eternal being, and a}-* 
(o prodi)£live of other ath^iftic^l tenets^ 


LECTURE X. 


The Caufe of the Motion of Comets : 
the Diredion of their Motimi : their 
Compofition, and the Nature of their 
Tails. 
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SECTION I, 


Oppofite Motions of the celeftial Fluids, the 
Caufe of the comctary Motions : this Thcr 
pry illuftrated from Experience. 

X H E whole fpherical fpace about the fun is 
filled up with two fluids, the folar and celeftial 
matters, flowing in oppofltion to each other, 
whereby their refpe^ive funds, the fun and 
the firmament, are conftantly interchanging 
and affimilating the efiufions of each other for 
their reciprocal fuftainmt^nt. Thus the original 
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magnitude or quantity of each is continually 
preferved > for neither can annihilate the fub- 
ftance of the other, but one gains what the 
other lofes 5 fo that if one remains invariable 
in its magnitude, the other muft alfo retain its 
original quantity. . Now we find the fun always 
of the fame fize and dimcnfions j therefore the 
firmament continues of its original magnitude : f 
and, confequently, they pwrefcrve their original 
quantities by a mutual traffic of fubftance, 
each receiving and aflimilating as much from 
the other as it imparts thereto by its eSufions. 

The compound fluid refulting from thefc 
reciprocal cflfufions, and filling the fpherical, 
fpace round the fun, is by no means uniform 
in all parts 5 it affords a great variety ; but wc 
ihall only obferve its difference in three re- 
markable parts. The two extreme parts con- 
. ttguous to the funds are of the fame nature 
with their refpedlive fources, from which they 
flow, and to which they are adjacent. The 
part, for inftance, of this fluid immediately 
about the fun, confifting of his fubftance yet 
unchanged, is of an hot, luminous, expanfive 
nature, diverging with centrifugal propenfity 
tnd imfpeakable force. The part of this fluid 
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in the other extreme, or immediately flowing 
from the firmament, is of an oppofite nature, 
frigid, black, and convergent, and prefles from 
the concave furface, from which it ifliies towards 
the fun with a ftrong centripetal force. Thus 
the two extremes following their refpedlive 
propenfities, blend their fubftance in the inter- 
mediate parts, fo that a centripetal force is 
more prevalent, and the other qualities of the 
celeftial matter more powerful where it predo- 
minates* But, on the other hand, a centrifugal 
force, together with heat and light, arc predo- 
minant where the folar efiufions bear fway. 

Confequently, there is fomewhcre in that 
fpherical fpace a middle region, not perhaps 
equidiilant from both fources, but at a diftance 

from each, reciprocal to the quantity of matter 
it eflfufes, partaking, equally of their oppofite 
qualities, and where the qualities of both are 
fo equally blended and compounded, as to 
form a mean temperature between their native 
purity and rigidity. It might be imagined that 
the fluids in this middle region Ihould be total- 
ly at reft, becaufe both meet with equal and 
contrary forces. This would certainly be the 
cafe^ w^re thefe fluids compofcd of impenetra^ 
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ble particles, like a very fine fand ; but the 
oppofing [motions of fuch atomic fluids would 
clog each other, and fruftrate the deftination of 
both ; as, on the one hand, it would cloud the 
folar effuiions and obflrudt their progrefs to the 
regions he was deftined to illuminate ; and, on 
the other, would prevent the flow of celeftial 
or alimental matter, neceflary for his fupport, 
from having accefs to him. Therefore, to 
carry on this mutual intercourfe and traffic of 
fubftance neceflary for the fupport of both 
funds, each kind mud proceed without much 
abatement of its motion according to its natural 
propenfity, until it arrives at the oppofite fund, 
which can only be effedted by a mutual pene- 
tration of thefe flowing fubftanccs. 

This penetration of fubftances we fee exem^ 
plified in light, which, though a material fub- 
ftance, pervades a variety of bodies, and mull 
therefore enter into their dimenfions. The ef- 
fluvia of gravity likewife pervades all bodies ; 
for how otherwife can it^effedt a body more re- 
mote, while another intervenes, unlefs by paff^ 
ing thro* the firft ? But the penetration of the. 
two fluids in queftion is more clearly inftanced 
in the following experiment : fill a bottle with 
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brandy, or any other llrong fpirit, then get fl 
funnel or tundifli, whofc tube being put into, 
and tightly fitted to the neck of the bottle,* 
that no liquor pafs between both^ fill up the 
funnel with water. After the water has been 
poured in, it will not long continue pure, but; 
will gradually acquire the flavour of the fpirits j 
fo that after fomc time the liquid at the top 
will be ftrong by an accelBon of the brandy 
and a defertion of the water^ which at length 
will entirely vanifti by its defcent to the bot- 
tom, from whence the fpirits afcend and re- 
main in its place. Thus the folar effufions 
afcend to the regions of Aphelion, from whence 
the ccleftial matter, by a like pervafion of flu- 
id fubftances, flows to the fun, its centre of 
propenfity, to reftorc the wanted equilibrium^ 
which the fun is eonftantly deftroying by a 
confumption of that fubftance. It is from a 
like caufe, and for the fame purpofe alfo, that 
iir prefles into a fire ; whofc light, which is a 
diflfufion of its flame, paifes thro' in the* oppo- 
fitc diredlion; in which cafe, we know that 
thefe oppofing fluids, viz. the air and the ema-* 
nations of fire, inftead of impeding, accelerate 
each other's motions, and are to each other a 
reciprocal fpring and incitement to aftion. 
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and how much more fo muft it be with thcfe 
elementary fluids, whofe fountains are by fuch 
traffic of fubftance the main fprings of nature 
and of all her operations ? No doubt the velo- 
city of each fluid is greater before it comes to 
the middle region, according ta its natural di- 
reaion ; but altho* the velocity of each then 
decreafes, its mmemum may ftiU increafc on ac- 
count of the accumulating quantity of its fpecics 
which drives it on. 

The fun, the central body of our fphertcal 
ipace, fpreading his effufions of heat and light 
to fuch vaft diftances, muft propel his luminous 
fpedes in the direction of diverging rays, and 
by the power of his expanfion give it a prodi- 
gious centrifugal force on all fides. Now let 
us conceive a certain quantity of this luminous 
matter, which the fun may eject by one ex- 
ertion of his expanfive vigour, and then fup- 
pofe his faculty fufpended, until the quantity fo 
ejcdted reach by its centrifugal propenfity the 
concave furface of the firmament. * We (hall 
confider its vigour and denfity in three parts of 
that fpherical fpace, thro' which it is propagat- 

« 

ed in the form of a concentric flowing fliell, 
VoL.JI. L 
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cojiftantly enlarging its dimenfions. Fffft we 
fee this inftantaneous effufion has round the for« 
face of the fan the form of an hollow fphcre, 
m which this foiar matter is of the hfgheft vi- 
gonr ffnd intmfity. Its laft ftage is at the con** 
cave furface of the firmament, where again it 
forms a fpherical Ibell concentric to the firft, 
but whofe radias is the fame as that of em 
(]pherical fpace. At this penod, from its tm*^ 
menfe difTufion, it mufl lofe all intenfity and 
force^ £b that its prefence there is not otherwife 
|)crceivcd than by the undcrftanding ; for its 

efficacy vanUhes, apd it eludes all fenfation. 

* _ 
Between both thcfe extremes, let us alfo confi- 

der it in the middle region, fuppofe equidiftant 
from both. Itsintenfity oFAibilancehere is a mean 
b,etween the two intenfities at the extremes men- 
tioned i for the intenfities are inverfely as the 
/urfaces of the thells, the quantity of matter 
being the fame in all, ;. e. inverfely as the 
iijuarcs of their radiiy i. e. Inverfely as the 
fquaresof thediftance from the fun's centre. 

• Therefore at the diftance of twice the fun's ra- 
. dlus from his centre, the intenfity of fubftance 

and repulfive vigour of the luminous ffaell, is 
four times lefs than at the fun's furface, and 
nine times lefs at the diftance of triple his ra* 


/ 
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dius ( fp that at all parts of this vail expanfe^ 
ifae powers and vigour peculiar to the iblar ef- 
fufions fliall be io the inverfe duplicate ratio pf 
(the idiflances of thafe placets fxom the f<^'s 
ccmrc. 

In the cou;rfe of our pbfervations -three prp* 
parties xtf* fixe have occurred, difFcrgntly appro* 
pxiated ta it, accordiJig to the ufe? fpr whicfh 
Provideinqe.dejrigned it) fox ]ri(la,uce, the fUme 
of ^ ,^^xidlc or l^tap affords Jight <:qp\ou{iy\ 
witboiut having any considerable heat or expai^- 
fipn ; culinary fires emit ;^ firong heat witbpyt 
qmcbiighf i>r e^qpamfiye fprge ; and thirdly, t^^e 
flange qf gunpow^<;r poflelTefi e^panfion to ,a 
prodi^ipus dejree^ and is no [wife remarkable 
|pr the other two qualities mentionqd. But 
doujbtlcfs the Creatpr has endo>ycd the fun 
with tbcfe three quaKties in a degree propor- 
tioned to his iCi^J^gnAtude and adeguate to the 
purppfe for virhich he was dcfigned, viz. to in-, 
vigorate our fyftem of planets, by difFuJpng 
heat and light to, and even beyond the fatej* 
lites of Saturn. Heat thetf.and light he muft 
poflfefs beyond what we can conceive : but this 
w^uld be ufelefe for his deftitiation, unlefs^l^ 
were endowed with an expanfive vigour equially 
* 1* z 
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prodigious ; for furely the force mull be pro- 
digious which is capable of propelling heat azxl 
light to fuch immenfc diltances with fo mudi 
rapidity ! Even at our diftancc from the fan, 
in which thoufands of miles are as inconfide* 
rable as feet and inches, how effedual is the 
power of a folar beam, not only on the eye, it's 
proper organ, but alfo on all other bodies 
which it excites to vegetation and expanfion, 
^ and above all in the focus of a mirror, where 
it pervades, diflblves, and even vitrifies the 
hardeft bodies ! Neverthelefs the force of this 
beam is not to the force of the fun, as the 
(hade of twilight to the intenfity of light in this 
focus, or as the fize of this focus is to the mag- 
nitude of the fun : confequently the expanfive 
force of the fun may be coiifidercd as infinitely 
to furpafs that of gunpowder 'flame, and well 
requires that prodigious atmofphere which 
Newton, notwithflanding his ftrong prejudices 
in favour of a vacuum, thought neceflary to 
reftrain and keep it down. 

Let us now fuppofe a comet, or fome fuch 
body, laid clofe by the fun to receive an im- 
pulfe of his expanfive vigour, inftantly, as a 
ball from a cannon it is projefted in a 
right line towards the.valt mound of celeftial 
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matter, which divides our fpherical fpace from 
that of the mofi: adjacent ftar in that diredtion.. 
The motion of this body is accelerated as fzr . 
2B the folar effufions prevail, 1. e. as far as the 
temporate region ; but on the other fide, where 
the celeftial effufions oppofe and predominate^, 
the body begins to be retarded, and the more 
it advances towards the effufive mound of 
celeilial matter, the more the velocity it had 
bcforc'acquired is diminifhed, until it be totally 
fpent by the oppofing motion of the celeftial 
fluid. There its progrefs is flopped in aphe- 
lion, and the next impulfe of celeftial matter 
forces it to change its diredtion, and again re- 

• 

turn towards the fun in the fame right line. 
In its return, the celeftial matter gives to the 
body the fame degrees of velocity, and in the 
fame times and fpaces as it had deftroyed in the 
contrary progrefs. This is a property of all 
fluids whofe operation is conftant in a given di- 
redlion, to w/if, to generate in one diredlion 
fuch motions as they deftroy in the oppofit$ 
one. Therefore the comet, arriving at the tem- 
perate region, will have recovered that velo- 
city, which it had in quitting the fame region^ 
but in an oppofite direction ; and no fooner has 
}t pfied this middle region, than the folar eiffu^ 
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fidiril Beigin to oppofe its progrefs, as forcibly 
a^ tB^y promoted it before, and retard it in 
the fame intervals, as they before acd^lerated 
it Sa that the dd:rcmehts of motion they t\oW 
produce are equal to the increments they j^etit^ 
rated in the oppofite 4ire6kion, and afFcft the 
body equally in the fame intervals of tinie, and 
at the fame points of fpace. Arriving then at 
the p6int where it was originally placed, it has* 
remaining in it precifely that force, which it 
acquired from tbc firft impulfe of the ex(>an* 
five lumen, but in a contrary diredtion ; this 
force is inftantly deftroyed by a fimilar impulfe : 
whcireforfe the body between thcfe two equal 
ihd contrary aftioris is obliged fo flop for a 
point -of time in that point of fpace, from 
whence it had been originally propelled. But 
again it receives a folar impulfe equal to the 
lirft, confequently, it mull again go off with 
the fame velocity, and in the fame line it had 
before purfued ; and travelling thro* the fame 
fpace^ and iluids as before, it muft meet the 
fame accelerations, and then the fame retarda- 
tions as before, and in the fame fpaces. It 
fnufl thcrciFore perform the fame journey back 
and forward in the fame time, white ever thefe 
caufes continue to d£t. ^hus the motion of a 
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body ia rendered perpetual in the fame right 
line^ as e&dtually aa in any circular or eliptic 
orbit. This theory we ihall now elucidate and 
confirm^ not by any juggling contrivance, com* 
fkx machinery^ firained experiment, or mathe* 
matic principles, but by fimpb md ordinary 
examples. 

Let a piece of ordnance, a mortar, fca: in- 
inftance, be ercdled perpendicular to the hori- 
zon and charged with a bomb and powder; the 
piece being fired, the bomb is projedted in a 
vertical line, with a very great velocity, which 
it acquires from the expanfive force of gun- 
powder flame. This velocity, as the bomb 
afcends, is continually retarded, until the en- 
tire motion of the body is deftroyed by the 
conftant and fucceflive a^ftion of gravity, which 
operates diredtly downwards. Confequently, 
when the body ceafes to afcend, it muft change 
its diredtion, and now acquire a new motion 
downwards in the fame Tertical line ; and this 
new motion (hall be accelerated in the fame 
parts of fpace, and in the fame intervals of 
time, in which the former motion was retard- 
ed i fo that the body (hall gain the fame de- 
grees of velocity in its defcent, as it loft in its 
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afcent. For the operation of gravity is con- 
ftant and gives the fame impulfes in the fame 
points of fpace ; whatever motion then it de- 
ftroys any where in a given time in one direc- 
tion, it will generate the fame in the fame time 
in a contrary dircftion. Wherefore the. bomb 
returning in the fame line, in which it was 
proje6\ed, falls into the mortar with the fame 
velocity it had in parting from it : eflfei^s of the 
air's refiftence being excepted. Now if the mortar 
had been recharged during the abfence of the 
ball with powder, the fame in quantity and 
quality with the firft chaf ge, and 6red the in- 
itant after the bomb fell into it, would not 
the ball go off as before jr> the fame vertical 
line (the mortar is fuppofed to retain its pofi- 
tion) ? would not the bomb perform the fame 
journey up and down in the fame time, at^d 
with the fame volocity, while the fame caufes 
of motion continue to a^ with tl^e fame efficacy 
find in the fame direftipns ? 

The afcent and defcent of a (huttlecock, 

» ... • 

\^hcn fucceflively ftruck by a battledore with 
equal force, and always diredlcd in the fame 
vertical lines is an other inilance to confirm our 
theory. For the phaenomena in the prefent 
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cafe will precifdy refcmble thofe of the comet 
approaching to and receding from the fun, ex- 
cept in this particular, that the tail of the fliut- 
tlecock in its afcent turns towards the battle- 
dore, with which it has been ftruck, whereas 
the tail of the comet is ever direftcd off from 
the fun. There is alfo in both examples this 
difparity, to w//, the force and velocity which 
the bonib acquires in falling is all deftroyed to- 
gether, by the (hock or refiftence it meets from 
the mortar into which it falls ; but the force and 
velocity the comet acquires in coming from 
Aphelion, is fucceflively and gradually de^ 
ftroyed by the repeated impulfes of the folar 
effufions, which oppofe its progrefs with increaf- 
ing force once it has pafFed the temperate 
region. 

But altho* the mode of adion be not fully 
exemplified, the efficacy of the caufes affigned is 
clearly exhibited by phyfical agents- perfectly 
analogous to thofe affigned for t^ie cometary 
motions. The expanfive and propelling force 
of gunpowdei^ anfwers to a fimilar power in 
the fun : the mode of adtion alfo and powerful 
operation of gravity, in generating and de- 
Ibroying motion in oppefite dircdlions, exa£Uy 
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correfponds with, the preffive powtr of our 
leftial matter coaftaoily flowing into the fuu 
for his nourifliment. The amies, therefore^ 
here aifigned^ have been evidently proved to 
exift, their operation has-been ilhillratcd by eat* 
periment, fo that not to afchbe the motion of 
comets to them, a peri^ nauft rejedk real ejc* 
ifting caufes, which by all rules of analogy and 
reafon, are capable and adequate to eaeplain the 
cometary motions, and embrace in their ftead 
the ideal agency of a fubftanceleis virtue, while 
thefe real agents of nature are ftripped of tlwr 
efficacy, or left to buflle about nothing. 


■■ J <■• <i#< i y*fi I I i I > 


SECTION n. 

Caufes of Deception in the Obfervation of 
Comets. Their TrajeAories, re£ttlineal ac^ 
cording to Kepler Grounds for doubting 
the prefent Hypothecs of eliptic Trajedories. 

IT is clear from the foregoing iedioct, that 
we fuppofc the Comets to move id reftiUneal 
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trajectories i but it is not to be iinitgiaed that 
we are driven upon this idea from the nature 
alone of our material agents % for it (hall in the 
eniuing lefftures appear, not only that thefe ma- 
ttfrial cau4s Are adequate for the defcription of 
diptid orbits, but alfo that they ate capable of 
fblving all the phenomena imputed to attrac- 
tion. The prefcnt opinion with regard to the 
mottori of cornels is, that fhefe bodies revolve 
dbouf th6 fun iti vefy eccentric orMts, accoifd* 
ing to thi fan^e laws, which regulate the plane- 
tary motions. Bat l^ts ^nion is fubje6t to 
the ihoft ferious objedlions, from the caufes of 
deception, from the phasnomena of comets, 
from the judgment of Kepler, from the du- 
bious grouilds of that opinion, and finally from 
the very laws of that force, updn which that 
opiiHOtl of efiptic trajeflories is principally 
grounded. 

To proceed in order : firfi fuppofe a bird 
flying in a right line horizbiitally ovdr the mid- 
dle of a field in the plane of the meridian, and 
therefore parallel to the ^ern and weitern 
hedges or walls, at each of which a perfon 
ftands to mark the bird's apparent path in the 
air. Let the fpeftator ph the eaft fldc obfervc 
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its places, while it flies acrofs to the north, he will 
refer the bird fucceffivcly to the trees or objefts 
on the weft fide from fouth to north. Let 
then the fpe£tator on the weft note it's places 
during the return of the bird in the fame right 
line from N. to S. he will refer it fucceffivcly to 
places on the eaft fide. If then both compared 
their obfervations, and made no allowance for 
the parallax that ftiould arifc from their differ* 
ent fituations, would they not conclude that the 
bird had defcribed an elipfe round the field* 
having feen it fly along its oppofite fides, altho* 
in reality it flew forward and backward in the 
fame line. To apply this, fuppofe the places 
of the comet of 1680 to have been obferved 
by aftronomers during the month of Novem* 
ber while descending to the fun, as was really 
the cafe. Let the fame or others take its appa- 
rf nt pIao$s again during the months of Decem* 
ber, January and February, when in recefs. 
During -this interval the earth moved thro* a 
confidehible arch of her orbit, not lefs than 98 
degrees ; vAiich is the arch intercepted accord- 
ing to Newton between the nodes of that 
comet. Confcquently, tho* the comet had 
moved in the fame right line, yet being viewed 
fucccifively on account of the earth*s motiqa 
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Irom difiereiit parts of fpace, it (hould have 
appeared to defcribe two different lines in the 
heavens, each very difFerertt from its real path, 
and diverging from each other, according as 
the earth departs from that part of her orbit, in 
which the firft obfervations were made. And, 
however delulive this appearance, what a wel- 
come phsenomenon it is to a perfon, who takes 
it for granted, that no body can refpedt the fun 
as the principle of its motion, without defcrib- 
ing an elipfe or parabola round him, which 
mufi be the opinion of all abettors of attrac- 
tion by gravitation, as appears from the t Cor. 
prop. 13. 1. i.principia. And when phacno* 
mena are fo favourable, anftbgy and calciila* 
tion will remove other difficulties, for thefe two 
apparent paths, however ftraight they be, may 
be brought to fall in with the fides of an im- 
menfely long parabola, and this again trans- 
formed into a very excentric elipfe. And tho* 
no comet has ever been feen paffing from one 
of thofe paths to the other, no more than the 
bird was feen paffing from one fide of the field 
to the other (this comet for i'nftance was not 
feen from the twenty-fifth of November to the 
tenth of December, and was according to com- 
putation in perihelion on the eighth); yet the 
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hypothefis being Ibuade4 QU phoenoiQena, <iqj(* 
logoos to the planet»Fy xnotiofQs^ and 9ff€^ 
abb to the iaws oi ^gravity, with wfvcb a refti^ 
Jlneal motion could not be fcconciied, aftrono- 
meis will be ^dy induced to ^^oo^^c^t the 
comet's ortHty and affign it an arch in Ber&B* 
helionaod^even in Aphelion^ akho' meycr fcmia 
either^ and al Ao\ in ^ppcoach to the Jattcar, ths 
extending £des of its (^pfM^ei>t ipath ace always 
jdiverg^g while fujbjod to ahfttv^tiofi^ 

. In the laft iaftanqe wie ficprefented the bird 
as moving in a Une par$ilkl to the horizon. 
.But if naw w^e fuppofe itto^yt^othoiizont^Uy^ 
Jbut in an oblique 4ire£i!i<)^ ;ftiU ia !th^ plan^ ^^ 
the meridian^ iuppofe fr^om a^gfeat height pa 
the fouth fide 4own towiurd^ the north point of 
the horizon ^i and jn^jcfui pf two ipe^^or^ af* 
fume but one, who, "wbiie the bird is in mpti<xi 
from fouth to north,i^ himfclf prooeediiUg&^Qai 
weft to eaft i it is evident, thftt th^e fw^uoer illw- 
fions will be greatly encreafcd. For, wibile the 
fpeftator prDQceds towards the eaft, he wiU r-e- 
fer the bird towards tbe north and weft ; and 
thus inftead of atightJinc, wbichit ideally <ie- 
fcribed, he will imagine tt defcribed a femi- 
circle, or.Ibme curve ^^aifing from theeaft to* 


NATURE OF COMETS. 159 

wards the nc^th and then to the vreft ; on 
wMch fide it win apparently return, while the 
fpe^tor 19 on the eaft fide of the field. 


In Vkc manner, a}tho' the comet of i68o 
had defcended towards the ftm m a right line 
nearly in the diredion of the axis of the eclyp- 
tic, and liad again afcended from him in the 
fiime rig^tline ; yet hlhould have been referred 
to places in the heavens eaft and weft of that 
light line, and Ihould have apparently gone 
over feveral figns, on account of the earth's 
having realiy fnoved thro' feveral "figns during 
dbe vifibility of the comet : and the iigns thro* 
which the cornet apparently moved, might, or 
anig^ not, be diametrically oppofiteto thofe in 
which the ^earth was, according to the obliquity, 
-velocity and correfpondence of the comet's 
teal motion. 

Another more €mple inftance for conceiving 
the errors to which the parallax arifmg from 
the earth's motion gives rife, may be had thus : 
let a perfon hold up his finger before his nofe, 
and lookat ttfuccefiively with each of his eyes, 
the other being Ihut ; he will refer it fucceffively 
to parts of Ae oppofite wall very diftant from 
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each other, at leaft if the wall be fomewhat re* 
mote* Now fmce the difiance between the 
eyes is capable of producing fo great a difie^ 
rence in the apparent fituations of the finger ; 
how great will not the difference be between 
the true and apparent places of the comet arif- 
ing from the interval the earth pafles over in 
one or two months i and how much greater in 
4 or 5, efpecially as the diftance of the ilars 
to which the comet is referred is fo immenfely 
great ? Yet, notwithllanding thefe deceptions, 
which can only be obviated by continual and 
accurate obfervations, the paths of moft comets 
have been ihveftigated from a few obfervations 
made only at their reccfs. I have myfelf feen 
a comet about forty years ago, the phoenomena 
of which are (till ftrikingly prefent to my niind. 
It fccmcd larger than a ftar of the firft magni- 
tude, and its appearance was rendered at once 
beautiful and tremendous by a long and bright 
tail (fee R. fig. i , alfo fig. 2, pi. i.). It was to be 
feen in the weft almoft every night during part of 
Oftober, all November, and part of December, 
for about fix weeks. It then difappeared, but 
appeared again in January following, and was 
to be feen every morning for about a fort- 
night or three weeks, after which it entirely 
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difappeared. This comet afforded an ample 
opportunity for obfervation longer and more 
confpicuouiiy in accefs than recefs. Yet I find 
in the Philofophia Britanica computations 
of a comet for the year 1743, (which appears 
to be the fame I allude to) made according to 
the methods of Halley, Newton and Banquer, 
with a table exhibiting to the reader, as it is 
there expreflTedj, the ivonderful i^reemem betvKtn 
the longitudes and latitudes of the comet by obfervaHon 
and computation. Yet this table contains no ob- 
fervations during its accefs|< whi^h- tnuft have 
been a great negleft or wilful omiffioni and ex^ 
hibits fuch an exadt agreement between the 
real and apparent places of. the comet^ as at 
, once proves the method employed inadequate. 

* 

For computation is applied to difcover the real 
path of a celeftial body and to reftify the er- 
rors of appearance, which, from what has beeii 
faid, muft often amount to a number of de- 
grees, whereas the apparent aiid real places, ac-^ 
cording to thefe tables, never differ more thail 
a few feconds ; and variations of latitude are 
alfo exhibited entirely inconfiflent with the real 
path of a comet : but of this more hereafter, 
in fpeaking of the comet of i68o; for .we 
ihall purfue in our remarks an order correfpon4^ 
Vofc.II. M 
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ir^ with the progrefi of cometary aftronomy^ 
i*thieb we (ba8coHe£kfrom Dr, Halley'is Synopfe: 
Jli the time of Ariftotle comets were fuppofcd 
to be fiibkiniFy vapours or airy meteors 5 
but Tycho, in 1I10 year 1577, obfennng a re- 
jnarfcabte comet; and being prwided with 
psoper iiiftFumeht^ found k had n& diurnal 
paratiax, whence fte proved- Ft higher than the 
iwooft, ^whfeh^ bas^ a fertfifele onej he therefore 
pface* itr motioA- m the planetary regions. 
^he f^gacibuS' K^plcrv who fuceeeded' him, 
hawing* i\x6 advanfege- of hislabowrs and ac- 
ettvate obfel^vaftbns', ^ founds thetme phyfrcai 

* fyfleio of thd w^ki^, and- varftly im|>roved the 
•'fcicnioe of- aftrbnoray ;• foP he dfemonftrated 
^ thdtatiithe idaoets' performed their pevotu^iona 

* in el^ptic dirbits^ Mrhofo planes pafs thro' the 
^ 6ji% their ecimmoss; focus^ round which the3f 
^ defocibe areas poportioiiable to the tiniest-*-* 
^ Hes aIfo( di&bisened that the diftances of the 
^jfizxtsim horn the frni are vm the fefquia^her^ 
*'rati<j of their periodicat time$;~-This great 

* pJiikfiDpher had the opportunity of obferving 

* tewrp' comets, one of w?hich: was very remarka- 
Vblej. aiad fipcon^ obfccvations o£ thefe (which 
^afforded fofikient indicatriDits of aa annual 
^fSMiltSLXi^}^^^ tiiat tile conset^ ihcnr^ 
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* cd freely thro* the planetary orbs with a mo* 

* tion not much different frbm a rectilineal one^ 
^ but of what kind he could not precifely 

* determine/ Thi^ is an intw^ing pericd la 
the aftronoroy of comets, wherefore, before Mf9 
proceed farther with this a^uthor, it is proper tQ 
make a few remarks on th^ obfervations of 
Kepler. 

If authorities be of any wfigbt in aftr^^ip^ 

my, (aa undoubtedly they are with r^g^rA to 

phaenomena which do not coni^antly 9C^) 

for whom ftiould we have to great ^ <3ieiff f^p^ 

as for that prinee of aflronom^r^^ who by ^ 

moil accural obiervations and th^ m^ klgP*^ 

nious calculations difcovered th^ iftws of graiHi^ 

tfttion, overthrew the circular hypothfi(i& of bi0 

predeceifore, and determined the real figure pf 

the planetary orbits i a difbovery, which n^ 

only ftands the teft of all fubfequent obferva^ 

tions^ but which we (ball prpve necef&^ly trme^ 

by (hewing that the motions of tb? plfAW 

could not be phyfically perpetuated In a eir^^ 

lar orbit, or in any other path except a yigbt 

line or an oval orbit. Kepler had advantages 

for judging of and determining the path of a 

comet which few aftronomers before or fince 

Ma 
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his time could boaft ; and his opinion carriers 
with it every appearance of unbiaffcd candoitr. 
For as lo obfervations, befides thofc of his prc- 
decefibr, he made many himfelf, having had 
in opportunity of obfcrving two coiiicts fuc- 
ccfllvcly : and certainly no man was better 
qualified to make them with accuracy and 
Ikill ', for he had been long accuftomed to ob- 
ferve the planets, to allow for parallaxes and 
optical irregularities, and cvcli to invent me- 
thods whereby to diftinguifli their red from 
their apparent courfes ; for it was by this accu- 
I'acy and deep penetration that he was enabled 
to ihveftigatc the true figure of the planetary 
orbits, and difcover that univerfal harmony 
which reigns throughout all nature. No man 
Could be more defirous df finding the path of 
comets to be clyptic ; for that would at once 
render his fyfiem univerfal, and add to thofe 
great difcoveries which had already gained him 
fo much renown. However, he candidly con- 
fefled, that comets were an exception to his 
fyftem, and repugnant to that law of gravita- 
tion of which he was the firft inventor. 

I fay, repugnant ; for altho' calculations and 
mathematical reafoning, with the help of forcei 
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afiumed in certain ratios, could make a body 
move round an clypfe, or defcribe any other 
conic fedion ; altbo* the fame extenfive fcience 
could compute the times of eclypfes, oppofi- 
tions and conjunctions in the Ptolemaic and other 
erroneous fyftems of aftronomy, yet to explain 
the re£kilinear motion of a comet by gravity, 
underftood as an attraction, was beyond the 
power of geometry or calculation, while its re- 
turn from the fun is fo fudden and immediate. 
For fince comets defcend to the fun nearly in a 
right line from a very diftant Aphelion, they 
Ihould either fall into him, and fo never return, 
or elfe pafs him by and go off to an Aphelion 
on the other fide, being carried forward by the 
velocity already acquired ; and this velocity be^ 
ing fpent by the continual retardation it fnffers 
in its recefs from the fun on that fide, the comet 
(hould flop at length, and then return again in 
the fame line, with a velocity continually acce- 
lerated as far as the fun, and then capable of 
carrying it to its original Aphelion. Thus any 
comet moving in a right line and actuated by 
gravity, unlefs it Hopped at the fun, the centre 
of its attra<aiori, (hould pafs the fun to a di-» 
ftance equal to that from whence it came. 
But in neither of thdfe two cafes its return^ 
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from the fun could be fo immediate aB expe-« 
rience proves it to be, for in thi: former it (houUl 
be confumed^ at leaft could never return from 
the fun ; and) in the latter, its return t^uld 
only be after a fertes of years, in which it would 
have pafied to an Aphelion on the other fide of 
him, as remote as that from which it originally 
catne on this fide. Therefore, the re^lidear 
motion which Kepler and Hevelius obferved, 
was incohfiftent with attraftion. However, 
as their fkilful computations and accurate ob- 
fervatipns convinced them the motions of co- 
mets were redilineal, they never attempted 
(hewing a relation between the trajcftories of 
comets and the eliptic prtnts of planets, of 
which Kepler himfelf was the inveftigiatpr. 

But -Sir rfaac Newtoni who excelled all others 
in that part of the mathemalicks which relates 
to ciH:ve$ and conic fedions, and in applying 
matiiematical reafofning to the laws of motion 
apd the operations of nature, feeing no means 
of reconciling a re6tilineal motion with the prin- 
ciple of altradtidn, conceived the coftiets to de- 
fcribe eliplic orbits, and extended to thefe bo- 
dies that law which Kepler had inveftigated by 
cAfctvations, and which ^he dtfcovere? himfelf, 


\ 


NATURE OF COMETS. i^S? 

fiom obfer^^ticms more numeroas and certainly 
equally ikilfuU^ was obliged to con&n^ toplanets, 
i^criUng to comets a quite different motion. 
Let us purfue our order. ^ At length, fays Dr, 
Halley, oune that prodigious comet of the 
year i69o, which defcended (as it were from 
an infinite diftance) perpendicularly towards 
the fun, and arofe from him again with as great « 
a velocity. . This comet (which was feen for 
four months continually) by the very remark- 
able and peculiar curvity of its orb above all 
others, g^ve the fitted occafion for invefti' 
gating the theory of its motion. And the royal, 
obfervatories at Paris and Greenwich having 
been for fome time founded and committed 
to the care of moft excellent aftronomers, the 
apparent motions of this comet were moft ac- 
curately, (perhaps as far as human fkill could 
go,) obferved by Caffini and Flamftead.* 

* Not long after (continues our author)that great 

* geometrician, the illuftrious Newton, writing 

* his mathematical principles of natural phi^ 

* lofophy, demonftrated, not only that what 

* Kepler had found out, did Hcceflary obtain in 

* the planetary fyftem, but alfo that all the phas- 

* nomena of comets would naturally follow from. 
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* the fame principles, which he abundantly illuf- 

* trated by the example of the comet of the year 

* 1680, (hewing at the fame time a method of 

* delineating the orbits ot the comets geometri- 

* cally. This comet he proved to move about 

* the fun in a parabolic orb, and to defcribe areas 

* taken at the centre of the fun proportional to 
•* the times. Wherefore, following the fteps of 

* fo great a man, I have attempted to bring the 

* fame method to arithmetical calculations, and 

* that with all the fuccefs I could wifli ; for having 
^ coUedled all the obfervatjons of comets I could, 

* I have frjimed a tj^ble, the refult of a prodigious 

* deal of calculation.' The table which Dr. 
Halley here refers to, relate^ to the motions of 
twenpy-four comets in parabolic trajefliories, 
which ar^ all th^t haye been duly obferved 
from the year 1337 to 1698, affigning their 
afcending nodes, with their perihelions, and 
the diftances of th^jr pephelions frorp thq fun, 
Vjtb r^fpeft to the diftanpe of the earth, con- 
fidered as 1 00000 ; after fpllow the conftru6tion 
s^pd ufe of this table, as may be fcep at the CQO* 
.9lufion of Whifton*s aflronomy. 

Here \t if» proper to obferve, that the perihe- 
Jion diftances of mpft pf the comets, as ftated 
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in" the table, are greater than half the earth's 
mean diftance from the fun. Some therefore 
in periheh'on were more diftant from the fun 
than Venus, and moll of them more diftant 
than Mereury ; and Ihould therefore have af- 
forded in perihelion fenfible obfervations of the 
fame phaenomena, which thefe planets exhi- 
bit at their greateft elongations, thofe efpeci- 
ally whofe trajedtories made an angle greater 
than 30 or lefs than 120 degrees with the fyzigia 
line when in perihelion. So that like thofe 
planets, each of thefe comets (hould have ap-* 
peared dircft, ftationary, and retrograde in the 
perihelion part of their orbit, or between their 
fuperiour and inferiour conjundlions, and all 
this (hould neceffarily happen in perihelioR, did 
they go round the fun between their accefs and 
recefs. But Defcartes, tho* he perlifted in vor- 
tical motions, with many others, infifted that a 
comet was never feen in perihelion, /. e. on the 
contrary fide of the fun to that of it's aphelion 5 
and indeed with juftice, for the pha^nomena s^t- 
tending fuch a fituation would have been too 
ftriking and amazing not to have been remark- 
ed. For were a comet ftationary, its tail would 
appear moft brilliant and extended full in our 
view for feveral nights fucceffively in the fame 
part of the heavens, as if fixed to fome ftar, 
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and would be one of the moft magmficent ^>- 
pearances ever beheld. This fupports Kep* 
Icr's opinion, and forms another ftrong objeo- 
tioQ to the hypothefis of parabolic orbs, as does 
aHb the nature of fuch orbits, which would nte* 
ver admit of perpetual motion, that curve not 
returning into itfelf, f6x as calculations ground- 
ed on the properties of the circle or elypfe do 
not agree with obfervation (however excentric 
the elypfe be fuppofed) fuch orbits (hould not 
be afcribed to them, and consequently no co* 
.met (bould return to the fur^ or have a periodic 
motion. 

On the contrary, our hypothefis (which wc 
were compelled to embrace from the difficulties 
attending the prcfent opinion, and which is 
fupported by the numerous obfervations of one 
of the greateft aftronomers that ever lived) that 
hypothefis, I fay, is free from thefe difficulties, 
it explains the phapnomenon of their perpetual 
motion without ever going round the fun i and 
alfo (hews, why they Ihould have an apparent 
parabolic path, while in reality they always 
move in the fame right line : fo that the diffi- 
culties againft the prefent opinion are prefurap- 
tions in favour of that we propGrfc. But with- 
out retting on thefe circumftances, we (hall ex- 
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amine the grounds up(Mi which Newton and his 
fbliowers embrace this opinion, in order to di^** 
cover how far it is fupported by evidence or 
liable to exceptbn. 

Comets firft occur in the fourth lemma of the 
third book of the principia^ where they arc prov*» 
ed higher thgn the mbon^ with many judicious 
remarks on their motions, in what cafes they are 
retrograde and ftationary, and alfo on their 
accelerations and retardations, according as the 
earth moves in the fame or oppofite diredions 
with them. In the illuftration of the third cor. 
to this lemma, he firft exprefles his opinion as 
follows, * I am out of my judgment if they 

* (Comets) be not a fort of planets revolving 

* in orbits returning into themfelves with a per- 

* petual motion.' Thi$ opinion is eredled into 
a conclufion in the fortieth propofition, which is 
thus. Tbai the cornels mtyve in /ome of the ^onic 
fe£lms^ having their foci in the centre of the fmi 
and by radii drawn to tbefun^ defcrihe areas propor- 
tional to the times. Which he thus proves : *This 

* propofition appears from con i. prop. 13.L u 

* compared with prop. 8, 12 and 13. 1. 3.' The 
OM-. cit^d in proof is this : * From the three laft 
^ pro|>ofition8 it fgUows, that if a body goes 
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*• from a place with any velocity in the diredion 
^ of a right line, and at the fame time is urged 

* by the adtion of a centripetal force^ that is re<* 

* ciprocally proportional to the fquare of the 

* diftance of the place from the centre, the 

* body will move in one of the conic fefttons, 

* having its focus in the centre of force ; and the 

* contrary.' The application of this propofi- 
tion to comets depends on the univcrfality of 
gravity, which is difcovcred to aft in the above 
proportion on ail planets, whether primary or 
fecundary with regard to their refpeftive cen* 
tres of tendency. And indeed analogy autho- 
rizes a philofopher to conclude, that comets be- 
ing within the folar fyflem are fubjeft to the 
fame power, and therefore afted upon by a 
centripetal force in the inverfc duplicate ratio 
of the diftance from the centre of force. Con- 
fcquently they (hould neceflarily move in one 
of the conic fcftions, if the above propofition, 
as it is expreffed, be demonftrably and univer- 
fally true. But this is not the cafe; for. if a 
body goes from any place in the direftion of a 
right line tending to the centre offorce^ it will not 
defcribe a conic feftion, but jgo in a right line 
immediately to that centre. Therefore the 
prepofition is only true, where the right line of 
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projedtion forms an angle with the dire<5lion of 
the centripetal force. Confequently as it is in 
this place yet uncertain, whether corfietfi were 
projedled at an angle with, or in the diref^ion 
of the centripetal force, it is not proved a priori 
that they defcribe a conic fedtion. It therefore 
remains to be proved a pqfteriari^ /. e. by their 
phaenomena. This is not cavilling on words, . 
but a real and important diilinftion to prevent 
a ra(h decifion upon the prefent quefiion, as if 
it was already proved by mathematics indepen- 
dent of the phaenomena ; and is the more ne-^ 
ceffary, as great men feem to have embraced 
the hypothefis of parabolic trajectories rather 
from analogy and a mathematical fpirit, than 
from a careful examination of cometary phac- 
nomena, from which alone the nature of their 
paths is to be coUedled with certainty. 

Sir Ifaac prepares for the confideration of 
phenomena by a few lemmas and propofitions, 
purely mathematical, for determining interme* 
diate places, longitudes, latitudes, 6rc. of a 
comet from certain ones given ; and at length 
folves the great problem, which is the founda- 
tion of his theory of comets. This is not, from 

certain obfervations to determine what kind of 
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path a comet defcribcs ; but, from three obferva^ 
Shm to determine the orbit of a comet moving in a 
parabola^ i. t./uppofing it to move in one. And 
here it may be obfcyved, that a parabola might 
be found by that cor. to pafs thro* any three 
^ven points in, or out of a right line. How- 
ever, thi$ theory he then applies to the pheno- 
mena of the comet of the year 1680, whofe 
parabolic path he delineates from a table of ob^ 
fervations made by Flamftead, containing the 
c<nnets places from the twelfth of December, 
1680, to the fifth of February following. To 
which he adds another table of his own obfer- 
vations of the fame comet from the twenty- 
fifth of February, 1681, to the ninth of March. 
He then gives a map of the ftars in and near 
the left foot of Perfeus, accurately corredted, 
thro* which the comet paffcd during his obfer- 
vations. From all which he traces accurately 
the apparent path of the comet. Then fol- 
lows another table of obfervations of this comet 
from the third of November, 1680, to the ninth 
of March, i68f, wherein the foregoing tables 
make the chief part. JBut in this are marked 
the latitudes and longitudes by obfervation and 
computation, with their refpeftive differences 
for the times of obfervation. 
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Now, whether are thefe places by computft* 
tion^ and this delineated path^ the real places 
dfid real path y or onfy the apparent places and 
appereiyt path, but rendered more accurate by 
computation ? Whoever reads that tveadfe wiU 
fiind every where, fuffiotnt ambiguity to give 
roomc foe this queftiou. But we fl»aU take it 
on both ikies. If thefe compttfed plaoes and 
delineated p^ be but apparent^ the real path 
and real places are yet undetersnined^ and may 
in this fuppdltion be reQiUneaf ; for we have 
feen that pbssnomeAa^i like thofe. we treat of^ 
might eafidy reiblt from, a reftiJineal motion* 
£0 that after dtl the obfervaiioas and calculations 
here made, ailrQiioiiaers have iX\\\ to diicoveir 
wbaitfart of a path this comet really defcnbed. 

But if thk patJb^ and thefe computed places, 
be real ones, they are fubjcdt to equal difficul- 
ties. For according t a the lail cited table, the 
dif&rences betweea the comets places by ob* 
fervation ^nd computation, or (as we now ua* 
derflaiad it) hetweea the. apparent and true 
plaoes of this, comet from the third of Novem- 
ber to the nintkof March, are for the raoft pare 
bu;t of a few ieconds,, the ^eateft difference 
being of a' 1 1'' in longitude. Now this agree- 
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inent is inconfiftent, as it would fuppofe that 
the comet did not vary its dtftance from the 
earth, nor the earth its fite with refpedl to the 
comet during the whole time of obfervatioa 
more than would produce a few feeonds or 
minutes difference. But what renders this rii- 
confiftency plain is this : The latitude on the 
twelfth of December was but 8** 28'' and was 
continually encreafing to the thirtieth of De-^ 
cember, when it was 28^ 1 1'. This afcent of 
the comet from the ecliptic in eighteen days^ 
fliewed the elevated diredtion of its orbit, and 
agrees with the inclination of its orbit to the 
plane of the ecliptic. Confequently, however 
appearance might vary on account of the in- 
creafe of diftance, this comet going off in the 
fame dired\ion, fliould have continually increaf- 
ed its latitude to aphelion. But inftead of the 
comet's thus afcending towards the pole of the 
ecliptic, on the ninth of March, it"s computed 
latitude is only 11^ 45'i agreeing with the ob- 
ferved latitude, tho* both were the month be- 
fore near twice as much. Now if thefe two 
computed latitudes be taken for the real lati- 
tudes of the comet, it is evident that at thefe 
two periods it did not move in the fame plane, 
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;tior in the fame orbit, unlefs we (hall have re^ 
courfe to oiie of Ptolemy *s largeft cpifcy des. 

Indeed, tbo' the real latitude increafed, we 
are not furprifed that the apparent ftiould di- 
minifh ^ becaufe, according to the rule^ of per* 
ipedives, the apparent altitude of any object 
higher than the eye will diminilh, as its difr 
tance from the fpe^flator increafes. But that 
the latitude of the comet by computation, /. e. 
its perpendicular difiance from the plane of the 
ecliptic Ihould decreafe, while it is actually af- 
cending, according to the elevated direction of 
its orbit, is a proof that the computation is fub* 
jed to^ and partakes of all the occular deceptions. 
However, this deviation from the plane and 
orbit of the comet does not appear in the 
fcheme delineated from thefe computations^ 
for the places above mentioned are thofe at M 
and N in the fchenie, for which diftance the 
orbit deviates very little from a right line, 
much lefs from the fame plane. Upon the 
^hole then we muft conclude^ that no real path 
of the comet was iiivcftigaied j or if that com-^ 
puted be called a real one^ that it is entirely 
erroneous and inconfiftent. 

Vol. II. N 
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It is vety remarkable, that the three places of 
this C6met which were taken to determine the 
comet's orbit, were obferved by Flamftead on 
the 2ift of December, when the eomet was at 
N (fig. 2.) on the 5th of January, when at P, 
and the 25 of January Q^; which three points 
are on the fame fide of the trajeftory, and 
fcarcely varying from a right line. From thefe 
alone, however, the parabola is conftrudted, 
ttrhich, without any difficulty, is transformed 
into an elypfe. And either no authentic obfer- 
vations were made on the, eomet^js accefs, or 
they are all omhted, except thofe at I, K and 
L, i. e. on the 4th, nth and 19th of November, 
which were made, not by Newton, Flam- 
Head or Halley, but by different pcrfons in 
different parts of the worlds and which, not- 
withanding optical deceptions and defcdls both 
of Ikill and inftruments, feem to have been 
feleAed as coinciding with the other fide of the 
parabola rnveftigated. I fay, felcAed, becaufe 
if Halley, Flamftead^ or fome other famous 
aftronomers, had not obferved this comet inac- 
eefs, aiKi marked places more numerous and 
iauthentic than the three above mentioned, Doc- 
tor Halley woUld fcarcely have faid, that the ap- 
parent motms of this comet were mfi accuratefy 
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ahferved perhaps mfar as hinum fldll could go $ nor 
would he have with authority afferted^ that 
this comet defcended almoft perpendicular to* 

wards the i\xx^. 

However, it Js from the agremtient betwccij 
the places computed, according to the theory 
affumed and tbefe obferved places, that the 
theory of Newton and Halley was confidered 
as confirmed and demonftrated. ]^t if, ia 
like n^anner, the coincidence of the compute4 
places of one or many planets with their placea 
by obfervation were an abfolute cgnfumatiQa 
of the theory aiTuined for fuch computation?^ 
not only the hypotbefis of circular orbits, but 
the epicycles of Ptolemy, would dill continue 
uncprreftcd. \ for the eclypfes, and cpnfequcntr 
ly the places of planets, with their pppofttiojjis 
and conjunctions, were calculated as well in tluri: 
hyppthefis as in the prefent. Accurate calcii* 
latipns of ifuch ph^enomena were n^ade ai[i4 
eclypfes foretold in the Ptolemaic and otbi^ 
fyftems. From all which known fadts ft fpt 
lows, that accurate computations pf the pla^ei 
or fites of a planet <»" comat, are no decided 
proof that the theory a0umed is true. Tbis 
is particularly true of the cornet^ w^iicb di^ not 
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afford repeated opportunities, like a planet^ of 
bringing the theory to the tell. 

Had Kepler built his calculations on a few^ 
obfervationSy and afterwards contented himfelf 
yifiih making h(s computations agree with others, 
he fliould probably never have corredled the 
circular hypothcfis of the divme Copernfcus ; 
or had Copernicus only attended to the diurnat 
and annual phaenomena of the celeftial mo*- 
tions, he would not have correfted the Ptole- 
maic fyftem. Had Kepler trufted to the obfer- 
vations of others, the theory of circular orbits 
would have been cafiiy reconciled with them •, 
but he was aware that few are fo well verfed in 
optical irregularriies, parallaxes, and other caufes 
of apparent motion, as to authorize an altrono- 
mer to build a theory on their reports. But 
Sir Ifaac fcems not to have been fo cautious, 
cither iii the obfervatrons he adopts, or in the 
mferences he thence deduces. For thus he pro- 
ceeds in the place already quoted r * From all 

* this it is plain, that thefe obfervatioits agree 

* with the theory as far as they agree with one 

* another, and by thisagrecmentit is made clear, 

* that it was one and the Csime comet that ap- 

* pearcd all the time from November the 4th 
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to March the 9th. The path of the comet 
did twice cut the ecliptic, and tbertfore was mt 
a right Une. It did cut the ecliptic, not in op- 
pofite parts of the heavens, but in the end of 
Virgo and beginning of Cajnicorn, including an 
arc of about 98^, and therefore the way of the 
comet did very much deviate from the path of 
a great circle. In the month of November it 
declined 3^ from the ecliptic towards the fouth, 
and in the month of December following it 
declined 29* from the ecliptic towards the 
north ; the two parts of the orbit in which 
the comet defcended towards the fun, and 
again afcended from the fun, declining one 
from the other by an apparent angle of about 
30^, as obf^rved by Montinari. This comet 
travelled over nine figns, fo wit^ from the laH 
degree of Leo to thp beginning of Gemini, 
bcfides the fign Leo, thro* which it paffcd ber 
fore it began to be feen •, and there is no other 
theory by which ^ comet can go over fo great 
a part of the heavens with a regular motion.. 
The motion of this compt was very unequar 
We for about the 20th of November : it de- 
fcribed about 5S a day, when its motion be-r 
^ng retarded between November the 26th and 
! Pecembcr the J2th, to wity in the fpace of 


/ 


iH THS M6TI0N ANia 

< t^idays^ it def^feribed 40 degrees. Bikt the 

* Iftorion therc6f being afterwards accelerated, 

< it defcribed ftcar 5^ a day till its motibn bt- 

* gaft to be again retarded. And the the<M'y 
*'i;^h!th juftly cott^fpond$ with a motion Co 

* cquabte, and thro* fo great a part of the hea- 

* 'vtento, v^hich 6bfcrves the fanie k>vs, with 

* thfe thcbty of the })Iknetfe, and which accu- 

* Irately agrees \vith accurate aftroHomical ob-? 

* fcrvatibni^ taftnot be otherwife than true/ 

Here a fcbftiet is faid to obferve the fariie 
la# as the planets, although its motion was fen- 
fibly flower between the i6th of November 
and I4th bf DecertJber, when a<Stually in Peri- 
helion, than a little before or a little after; 
nfrhcreas ejtperienee {)rbvcSj and the theory re- 
quires, that the platiets move quickeft in Peri- 
helion. After this retardation, the comet was 
for fbtiie tittxe accelerated in its motion, and 
fboh after ^gaih retarded, which phaenomena 
cannbt be recbnfcikd to its motion in a curve, 
or to the nature bf attraftion ; but are entirely 
cbnfortTiable tb bqr theory, and may perhaps 
conduft us tb a ktibwledge of the fituation bf 
the terti^ratfe regioft. For we have feen, that 
a cotoct appToacMtig the fun Ihould itrove 
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quicker in this region^, than from thence to F^r 
rihelion, where again its motion 0iould b^^ t^ 
be accelerated to that region ; and then cond*^ 
nually more and more retarded to Aphelion. 
The grounds upon which Newton eftablUhci 
his theory, as appears by the palTage Juft quot- 
ed, are, that the path of the comet twice cm 
the ecliptic ; whence he concludes, that it wau| 
not a right line ; sdly, from the agreement be*e 
tween computations made according to thia 
theory, and the obfervations taken of the co- 
met's motion, that his theory was the true law 
of its motion *, and, sdly, he draws the fame 
inference from the impoflibility of a body's go- 
ing over fo great a part of thf heaven? by gny 
other theory. 

But it might be objected to thefe reafons, 
that altho' the comet had moved in a right linqf^ 
its apparent path flio^ld nece0arily cot the 
ecliptic both in its defcent and afcent, in two 
points diftant from each other by an arch 
ibmewhat like that which the earth had defcri^ 
ed during the interval of time between both 
inter fedtions, viz. about 99^, as was jreaUy the 
cafe — that between the apparent aad real mo- 
tion of the coQ^et ^ vail ^irck is iisemcd to 
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defcribe is cafily accounted for— that tha 
agreement between computation and obfervatio^ 
is not fufficient to eftablifh a theory , and in the 
prefent queftion is rather an argument againft 
the reality of the path computed. The truth 
of thefe remarks is clear from what hath beeq 
faid. It is unncceffary to expatiate farther on 
ihefe confidcrations, the fyftem we oppofe be- 
ing phyfically impoflible as ftiali now be fhewn, 


•— ^-<-<'«f-<-<<^^4^>.>->r>-K>— p^ 


SECTION IIL 


Inconfiftcncy of the parabolic Hypothcfls, 
Comets tranfparcnt Bodies : and their Tailsi 
not Vapour but refracted Beams of Light, 

*' X H E comet, (fayis Sir Ifaac Newton, 
^ Princ. 3d 1. prop. 42.) which appeared in the 
*year 1680, was in its Perihelion lefs diftant 
f &om thcfun than by a fixth part of the fun's 
I diameter.' And * to this proximity (Dodtor 
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* Halley tells us) ihe comet defcended (as it 

* were from an infinite diftance) perpendiculary 

* towards the fun, and arofc from him again 

* \vith as great a velocity/ Thefe great aftro- 
nomers have found the periodic time of' this 
comet to be 57 5 years, and the tranfverfe or 
greater diameter of its eliptic orbit to be 135 
times greater than the mean diftance of the 
earth from the fun, which diftance, tho* im- 
menfely great, bears no ailignable proportion 
to the diftance of the fixed ftars. 

It is found by experiment, that a body will 
fall thro' 16 feet in a fecond of time, and alfo 
that it acquires fuch a velocity, as, if continued 
uniform, would carry it thro* 32 feet in every fe- 
cond of time after. But if it continues to fall by 
gravity, . its velocity will fo increafe, that after 
the next fegond \t will have fallen thro' 64 feet ; 
and at the end of the third fecond it will have 
fallen thro* 144 feet"; and thus will defcribe 
fpaces that are in the duplicate ratio of the 
times clapfed fine? the commencement of it§ 
motion. What velocity then ftiould a body 
^gquire in falling thro' an height equal to 13S 

times the diftance from the fun to the earth. 
... . ■ ' 

or in falling, by the fame accelerating forqe of 
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gravity, for between 2 and 3 hundred yeans ? 
Nothing furcly but the velocity attributed to 
light coming from the fun can be compared 
with the velocity of this comet in Perihelion. 
Again^ it is alfo found by experiment, that 3 
body of a pound weight in falling from the 
fame height of 1$ feet into one fcale, will ac- 
quire, from the velocity generated in its fall, a 
moment or force fufficient to ballance about 
forty pounds weigfjt in the oppolite fcale. 
What force then would a body of a pound 
weight acquire in falling thro' an height equal 
to the greateft diameter of this comet's orbit ; 
or in defcending freely for two or three hundred 
years by its own gravity ? Certainly the force 
of fuch a body could not be imparted to it by 
any engine or piece of ordnance ever invented 
or conceived, with whatever charge or quantity 
of powder that could poflibly be applied. 
Would it not, therefore, be a difficult matter to 
find a bodyof fuch firmncCs and elafticity as 
would be able to flop the comet moving with 
all this force and repel it, fo as to make it 
piove back immediately with the fame velocity ? 

l-et us now confider the comet's path. Ac- 
cording to the fchcme, the two fides of its pa- 
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rebola are almoft paraHel ; and each of them i$ 
as rcdtilitical as any comet's path ever obferved 
by Kepler. The comet likcwife was more than 
a pound, or even ten thoufand tons weight, be- 
ing probably as large as the moon, or not many 
times lefs than the globe of the earth. Its force 
therefore was inconceivably greater than that 
of the body before fuppofed. Nevcrthelefs, 
this immeafurable force and velocity, acquired 
by the comet in falling from Aphelion to Peri- 
helion, is there fo retarded, correfted, and 
bridled by the action of the fun, and the refift- 
ance of his atmofphere, as to make the comet 
turn (hort, and wheel round the fun in a femi- 
circle, whofe radius is only i greater than the 
fun*s radius. Nor is this all ; for -though 
powerful the fun*s attraftion at this fmall dif- 
tance, and ftrong the comet's tendency towards 
him, a mathematical property of conic fe<5lions 
gives it fuch an impulfe as to drive it perpen- 
dicularly from the fun along the «ther fide of 
the parabola. How conformable all this is to 
the dodtrine of attradion ! 

To conceive more clearly the falfehood of 
this theory, let usfuppofe a diametrical perfora- 
tion through the earth between us and pur An- 
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tipodes three or four miles wide ; into one end 
of this cavern fuppofe a denfe metalline body 
of a ton weight were let fall, would it not be 
very contrary to our prefent hypothefis of gra- 
vitation, that this body (hould bend its path 
vithin a few yards of the earth's centre, and 
y^ith that (hort radius defcribe a femicircle round 
that point, and, inftead of falling to our Anti* 
podes, come Aip to us again along the other 
fide of the cavern, with the fame degrees of 
velocity with which it had defccnded, fo as to de- 
fcribe a parabolic path, whofe focus (hould be 
the earth's centre ? The fuppofed path of this 
body dire€Uy correfponds with the parabola 
del'ineated for the comet, as the greateft diftance 
l)etween the fides of the comet's orbit is as 
Imall in proportion to its length, as the breadth 
of the apperture fuppofed is to the femidiame* 
tcr of the earth : and the diftance of a few 
yards from the centre of the earth, is alfo pro- 
portional to the focal diftance of the comet in 
the vqrtex of its orbit : there is, therefore, not 
the fmalleft difparity ; for the ading principle is 
likewife the fame in both cafes and obferves the 
fame laws. All bodies near the earth tend or 
gravilate to its centre according to the fame 
l^w and by the fame principle, whereby comets^, 
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plahetsj and fuch great bodies, tend to the fun } 
confcquerttly^ if we hold it impoflibic for a body 
thus to dcfcehd fb hear the Centre, and there 
with a velocity fd rfiuch accelerated turn ftiort, 
wheel round, and (hoot tip again, we muft alfo^ 
Jlccording to the Newtonian rules of philofo* 
phizing, pronounce it impoffible for the comet 
to wheel round fo (hort in Perihelion, where its 
velocity is fo immenfely great. For a body in 
fuch circumfiances to defer ibe a parabola any- 
wife fimilar to that reprefented in the fcheme, 
is contrary to every law of nature and motion, 
notwithftanding all the properties of conic fec- 
tions, and all the mathematic powers ever 
invented. A body let fall through a diametrical 
cavern in the earth (hould, according to all wri- 
ters on gravity, and all principles of accelerated 
motion, neceflarily purfue its courfe to the op- 
pofite furfacc or Antipodes : and in the fame 
manner a body falling along the path A. I.K.L. 
by the force of gravity, fhould, by the immenfe 
velocity it acquires, be carried forward in the 
fame redtilineal courfe to a diftance equal to 
that from whence it fell. Even a well-trained 
horfe, or any other animal in full fpeed, could 
not thus tum fliort and wheel round without at 
confiderable abatement of its velocity, and 
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could not again recover the fame fwiftnefs in ^ 
contrary direction without a ftrong exertion of 
mufcular force. Now we cannot attribute fuch 
exertions to a comet. Shall the fun then^ whofe 
Iblc power^ according to the rdgning hypothc- 
(is, is that of attra^ion, change^ in a certaini 
inilant of time, the nature of his innate pro- 
penfityj and drive off the comet with a repul- 
five power^ a$ a body is difcharged from a 
cannon by the force of gunpowder. A power 
like this is preternatural or miraculous, and 
would argue not the invariable determination of 
a phyfical agent, but the ele&ive faculty of an 
intelligent being. But^ according to our mo- 
dern philofophy, every particle of matter, tho' 
inert, is admirably endowed with the doubk fa-^ 
culty of anra£lm and repulfion 5 the fun^ confe^ 
quently, having thefe faculties in proportion to 
his quantity of matter, (hould exert both powers 
to a prodigious degree. But how he (hould re- 
ftrain the one and apply the other fo feafonably, 
is not eafy to explain. However, on this foun- 
dation the parabolic trajectories in queftion may 
be accounted for, if the fimplicity of nature 
(which is the true foundation of every philofo- 
phical rule and hypothefis) will admit of oppo* 
fite and warring powers in the moft fimple bo- 
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<iicS, and if we had rather fvtrallow the abfur- 
dities of other men than make ufe of our reafon:. 
From the whole of what we have faid, it is 
clear that no coitiet ever doubled the fun iflt 
Perihelion^ or ever defcribed a parabola^ or any 
other curvilineal orbit ; but tbtft all move in a 
rectilineal path from Aphelion to Perihelion^ 
without touching^ pAffin^^ or doubling round 
the fun $ which at once agrees with the fimpli- 
city of nature^ the principles of oiir phyficaf 
theory, and the difcoveries of Kepler, that mofl: 
accurate aiKi fagacious aftronomer. This tiie-* 
ory of the cometary motions which we have 
propofed, is both confirmed and exemplified 
in eledtric experiments ; for a light body being 
fufpended near the charged conduftor of an 
cledteifying machine^ will be continually flying 
to it and from it by the operative power of 
thofe two principles, viz. by the pteffive power 
of the celeftial matter which conftitutes that 
part of air nutrimental to fire, and the expan- 
five power of the eleiftric matter, as flball be 
explained in our le£ture on eledtricity. 

The application of eledtric principles to the 
moticHi of comets (which (hall be explained in 
it's proper place) poiats out an utility4n atmo^ 
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pheres which has hitherto been unobferved. 
The atmofphere of the earthy it is well known» 
is that body of air which envelopes h on all 
fides to a confiderable height. It is compofed 
of thofe various and heterogeneous matters^ 
which exhale and evaporate from earthy water. 
Sec. which extraneous matters, as the great Boyle 
has difcovered^ are all buoyed up and blended 
with a lively elaltic medium, which is the real 
bafisofair. Now this extenfiye fluid or at- 
mofphere^ befides many other advantages which 
may accrue from it^ feems particularly deilined 
for two great ends. It ferves as a cloathing for 
die earth, or any other planet, to temper the 
extTeme cold of the celeftial matter, and alfo 
to moderate the exceflive heat of the fun in 
Perihelion. Thus all animals expofed to the 
inclemency of the air are furniflied with a co^ 
vering of wool, hair^ feathers^ or down, which 
entangles the airi qualifies it, and forms round 
the animal a fort of little atmofphere, by which 
cold is moderated, and the animal heat pre-^ 
ferved. The fecond advantage is almoft pe- 
culiar to cometSt which as they (hoot in a right 
line direaiy towards the fun, muft have at the 
temperate region, a prodigious force and vo- 
Jocity. But here their progrefs is vigoroyHy 
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oppic>re4 by the funV r^pulSve emanations, 
whUh no dpubi: wouI4 h^vi^'a moft vtoknt ef» 
fo£k oq e^tHesr planet or qomet in its approach^ 
were it not for the interppfition of thrir at* 
moff^here^. For this medium, befidcs temr 
jpericig the burning elTu&ons of the fun, takes 
in, 4$ 4o^$ aifo the matter of the comet, uracil 
of the folar matter, which ia thtis condtaifted to 
it, and being ftrongly impregnated therewith, 
beoomea a repellent, wbofe expanfive enaana* 
tions oppoiing thofe of the fun, a lepuifive 
power is formed between both bodies ^hen at 
a proper diftance, and the comet, being the 
leifer body, mufl without touching the fun fly 
back towards /Vpbeiion In the fame right iine^ 
by which it came to Ferihe|ion. This whole 
operation is feen in aiipi^ture in the motion 
of a light body to and from the impregnated 
bar, with this difference howevier, viz. that the 
I light body approaches to contad): before it is 

\ impregnated with repulfive matter; but the 

comet, both on account of it*s expanfivc at- 
mofphere, and the copioufnefs and ftrength of 
the fol^r ejBfufions, is fufliciently impregnated to 
repel and fly off at fome diftance from the 
fun. 
. VoL.IL O 
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Hcnc^ we ffce the reafbn why the atmofpher^ 
of a comet ftiould be larger than that of a 
planet. For as planets revolve about the fun 
in elipticu orbits, they approach the fun ob- 
liquely in Perihelion, fo that a fmall repellent 
force will prevent their nearer accefs and make 
them glide ofF to Aphetioni But comets, whofe 
paths are in right, lines to the centre of the fun, 
inuft come towards their perihelion with prodi^ 
gious rapidity, and therefore require a prodi-p 
gious quantity of this repulfive matter to retard 
and at length ftop their progrefs, which occa- 
fions a recefs, and ^ves- them motion in a con- 
trary dire<aion. This quantity of eledric mat- 
ter is fupplied by the folar effufions, and taken 
in by the vaft atmofphere with which the comet 
is furroundcdj for during it-s accefs this at- 
mofphere is collefting and accumulating the 
folar matter prodigioufly, until it is perfeftly 
faturated, and then its expanfive vigour is moft 
powerful, which ading againft that of the folar 
emanations, a prodigious power of repulfion 
muft enfue, and no lefs could retard or ftop the 
progreflive force of the comet to the fun. But 
this caufe taking effedt in the vicinity of the 
fun, not only the comet's motion is rcnduced 
and dcftroycd in that diredion, but anothe? 
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^ual to that is generated by the repulfive force 
m the oppofite diredion. Nor is it alone the 
quantity of the folar cfFufions taken in which 
oppofe the foiar efFufions, but alfo the vaflr 
magnitude of the afmofphere thus replete,- 
which prefents itfelf to the folar effufions, and 
caufes a vafi retardation to the comet's motion 
towards Perihelion, efpecially as it comes near-^ 
er to the fun, where his emanations are more 
denfe. Thus the comets niotion in that direc- 
tlon being continually leiTening until it is de- 
ftroyed, it acquires a new one in the oppofite 
dircaion. In its way back to Aphelion, Jt again 
efFufes its eleftrical matter which it had colledt- 
ed from the fun, and which being exhaufted, 
its motion in that direftion is reduced and at 
length overcome by the celeftial matter ; where- 
fore it is forced back again for another cargo 
of the folar matter, to difFufe in its paffage back 
again thro' the celeftial fpaces. Thefe caufes of 
retardation and repulfion prevent the comet frc^m 
falling in upon the. fun, where, f«ir from being 
a nurturing fuel, it could only be. a dog to his, 
heat and vigour, like a flate, cinder, or any 
other fpiritlefs body in our fires, 

Thefe principles, whofe operations we have 
explained, are capable of continuing the comc- 

^ 
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tary motions in all poffible dircAions from ttuf 
centre of a fphere to its furfi^cc 5 for on the ow 
hand the folar eSufions pour from his furface 
on all fides in a continuous flood, fsxpanding 
end advancing towards the firmament : on the 
other hand, the celeilial matter pours from. the 
concave furface of the firmament on all fidei?. 
towards the fun with convergent propenfity, 
A comet therefore in the dircdtion of the plane 
of the ecliptic, of its axis, or in the pofilion of 
any one of the fun's diameters, tbtu is^ in any 
dircdkion poffible, may be driven ajong its redli- 
lineal trajectory to and from the fun, by the 
force of thcfe two fluids, whofe eflU^acy we 
know fo well by experience in the powers of 
eledtricity and gravity, and which from their 
eflfedti, operations, and univerfality, mud alfo 
be the material agents, on which depend the 
conftant motion of the planets in their orbits 
round the fun, as fl^all hereafter appear. 

We (hall now return to the mathematical 
principles of Sir Ifaac Newton, and examine 
more of his opinions concerning comets. Speak- 
ing of the comet of the year 1680, * Now (fays 

* he) if one reflects upon the orbit defcribed, 

• and duly cpnfiders the other appearances of 
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this cornet^ he will be eafily fatisfied that thci 
bodies of comets are folid, compafi, fixed^ 
and durable like the bodies of planets. For 
if they were nothing elfe but the vapours or 
exhalations of the earth, of the fun or other 
planets^ this comet \ti its paffage"by the heigh- 
bourhood of the fun would have been imme- 
diately diifipated j for the heat of ' the fun is 
as the denfity of its raysj that is, reciprocally 
as the fquare of the dtftance of the places 
from the fun. Therefore, fince on the eighth 
df December* when the comet was in Peri- 
helion, the diftance thereof from the centre 
of the fun was to the diftance of the earth 
from the fame as abbut 6 to looo, the fun*s 
heat on the comet w^s at that time to the heat 
of the fummer s fun with us as t8,obo to iJ 
But the heat of boiling Waiter is but 3 times 
greater than the heat whidh dry earth acquires 
from the fummer fun, as I have tried ; and 

• • * • ' - 

the heat of red hot iron (if my conjedture is 
right) is about 5 or 4 times greater than the 
heat of boiling water, therefore the heat which 
dry earth on the comet while in its perihelion 
might have conceived of the fun, was .about 
2000 time greater than the heat of red hot 
• iron/ 
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The fun's heat on the comet was at that timej 
acxording to^Sir Ifaac Newton^ to the heat of 
the rummers fun with us as 28^000 to i^.&c. 
Dodtor Boerhaave calculates that light in the 
focus of Villct's mirror was 7396 times more 
dcnfe, /• e. more hot than our common folar 
beam or fummer's fun. So that the intenfity 
of heat in the comet was near 4 times greater 
than, that in the focus of Villet's mirror ; or fur- 
paflcd it more than that of boiling water does 
the fummer fun. But bricks^ ilones and flints^ 
l)ones, metals, and all the hardeu and mod du^ 
rable kinds of bodies were in a few moments 
calcined or vitrified m the focus of that mir- 
ror. . Confequently this comet, if of an earthy 
nature, tho' ever fo hard qr flinty, mufl have 
been turned into glafs on the eighth of Decem- 
ber, having been then more enveloped in the 
Intenfity of the folar heat. or that immenfe fire^ 

• (•••••1 * • • 

than a fcrap of flint could be in that focus 
when turned to glafs. Rather we fhould infift 
that comdts were all originally created of a vi- 
trious nature ;. for the Creator has made no-, 
thing in vain, but every thing conformable tO' 
its end according to thtfiinefs of things. There- 
fore, if comets were fubjedt to the power of 
phyfical agents, like other bodies of the crea- 
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fion,' they' couW not have been made of ^ 
tfereftriaa nature, but of a vifrious mattery whieb 
is the moil: durable in the extreme degrees of 
heat atid cold. It would, bave beien va^in ta 
tnake-th^m of earthy when ift the firft courfcf 
they feoqlcj. r^Hi, tbey Woujd have been negeffa- 
riiy fi\^ifg^ Inw gla(s i a^d xfadr orl^ftl natwr0 
entirely chaingedv whic^ ^ibs r^pug^ant to 

4 

the wifdjom andipower pf t^he creator^ . $efidea 
the ruk^.of philofophjiiag: wiU not perjinit ns 
arbitrartly to fuppofe, that arty thing h^js beetit 
created di^erent from whilt k ii^ difoQvered to^ 
be^. ai»d alfa what it-s. ufe in nature Fequif esV 
Comets thereforealways;wdre^ as now they ftp-' 
peair to be of a vrtrious nature^ which, we fliatf 
ftow prove, by their otJ|i,er phapnonieDp^ . ; 

* • * ■ 

Comets have a m^ft fplendid appearance'^ 
and are, on account of their brilliancy, by alf' 
aftronomers compared to Jftars. They are al« 
lowed to co'me from a very diftant Aphelioq^^* 
and. to enter within the regions of Venus and 
Mercury; wherefore ^f they were opaque bo- 
dies, they fhould exhibit alt the- variety -of 
phafes which Venus, ftiews.. Thofe efpccially 
whofe Aphelion is in the northern .regions to- 
#ards the confldlations, Draco, Cepheus^- Lyr*^ 
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Bootes^ tfao Bedrt, 'Oftv^HndArortbr plane of 
the edipridc (from siUkidli nor thprn^ icgioiss molS 
of theiQ kihatthivo appeared fceined to Jiave^ 
come) flbduld ba^e^put <m v^fious phafos ac-^ 
tordirig' td'tbe afpe^ m which thefy ^tfytH^ 
between ^the regt^ii^^^f Mars aikt A/ft^QFy^ 
diHing -thctf aeb«i%^^«M #ece& v Whteh phafes 
flwuld be Vety fc&fif^idrt)iis wJieii *he tait ap^ 
pear? at ftilt tefig^, \\ -which tiftiis it wotlld^ 
have a* quitdiater a(]^i :then «he comet # 
bpa^twy ilj9oW Hfee Mtt's^ tTcws, lar Mercury^ 
bd deinstomtred^ gibbbti^ or horned; Ucver^ 
thelefs/Mfeomet ha» ever beeit obferved to ex- 
hibit .phlifes fo^lefifflcd in thcfe pofillohs; On 
the 'tdtttrdfy, they ^i* all conftantly bright and 
feemingly lufrtifeous^ fom^ indeed appear more 
ruddy than others, but all are attended with a 
brilliant tail ftretchtSd "in 4 fine off from the 
fun. This appearance induced many aftrono- 
mers to kifift tha^t the fu'ri'^s' light paffed thro*' 
them as 'if thro* -a* lens W glafs body. The 
eoinet which I fatur when ' a boy, appeared to 
me (I very well remember) like a briniant 
chryfial,' with a long fan-like tail, extended in 
adireiftrdrt off from the* fun, which was then 
fome fab^s^uixder the horizon^ ' ' 
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Since theref<Hv ailronamy Is a fcieirce ^bkh: 
c^iends ob obfervation ^ fiiict it ia the a^^eat^-^ 
Anoes . ci the €eldlial bodies cilohe, which cad 
$Sotd^a for phyficalor Hiatheiliiticalitafon^ 
ing in tliat TditncA, whirt grounds bias any pht^ 
bfophar 0¥ aArorR>i^r to fMj^pofe thd comet* 
are opaqwT If M^e tortctodfe from thfe phafe* 

• • • 

and fhiutbivs of fomei tefefital^ bddifes that ikitf 
am ^fp^m^ htttz^it (bch ^xt the coMifequehtes 
of o^ty »picki earth : If again we cohfeltido 
that odler-:cqlitft4a]! I)6diefi -are lumlnbus/ be- 
caufe^l^e laoiin^us bodiiediipon ear A^ their 
luftre i& 'unif<>rm <^A all fid^6| what muft we 
fay of: celeftial bodiw which hare IRJlhef 
jybafc^ ihqdow, iDor xmifohii luftre, fmtwhtdt 
exhibit i' bti^ beam of ligtft (bockii^- thro*' 
them t)ii one fide, in a Hne hH fto^ theCuh f 
We rnuft un^ubtedly - conclude that tliey iitd 
tranfpstr^nt. like a glpbef 6f c^ryfta^ Qt gtaft 
which es^iibit, the fame phi^iioitttTsa c^ eard^. ^' 


Peter Apis^n^s wh? fjiw jthe cotnet! <rf;i53c> 
and iS^Oy wa^ the firft who difcovtrcTd that 
the tails, of t|icfc bpfjiefi depend ort tte funP 
He was of, opinion; (and.ltftftr BimGardanas; 
Tycho, Hevelius, and other aftronomers who 
htA ilforthc ojiportunity oi feeing comets) that 
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die rays, of the fun are propagated ' throVthcf^ 
the tranfparcfnt hea4 or body of the.comcty 
and refrafiked, ^s thrpugh a glafis Ileus, a into 
a conical beam behind the cQid^t, aitd al^ 
ways torned from the fan< This ppijiiorijs re-: 
je6b?d by ^vc Ifaaq Newton: but: with what 
juftice we (hall now examine. This authoe 
fays, in his treatife on eomets, ^ That tt^Ce 
who are of opinioii that the comets tails- ace 
beams of the fun's Jight tranfmitted thro* the 
cpmets heads,- whidi they fuppofe tranfpa-^ 
. reijit, arc yet unacquainted with opticks, for 
the beams of the fun :are feen in a darkened 
rooot only in confequenoe of the light that is 
refle<Eted from them by the little particles of 
dull a)id,fi]^ak which are always flying^about 
\n ;the!a|r^ and for.that reafon in air ^impreg- 
nated with thick Ccno^k, thefe beams appear* 
iWith gresati^r brightnefs, and move-' the fenfe 
vigprQU^yj in a yet finer air,:iliey:ia|)pear 
more faint, and are lefs ealily difcerned ; but 
in th^ heavensi where there is na matter to 
reflect the Hght, th6y can never be'fecn at' 

alL Light isnot feert as it is in the beam, 

<•» ■ • 

f bvrt as it is theftce reflected to oiireyes; &c.' 

Here this great aiuhor, inftead x)£ detcrmin- 
ing by celeftial pliaenomena, whether a vacuunf 
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exifted or no^ once more fets up that favourite 
fuppofitiori,.and will admit ho mtcrpretation of 
the phenomena of comets however reafonabk^ 
which will not fquare Ibetewkh. Ldt us. examine 
his reafohingv accordmg. to him the vilibility 
of tlie ftm: beam depends entirely on the par-* 
tides of the duft ^therein which reflect: it. Cer*. 
tain it is, that the vi&bility of opaque bodies 
depends uf^on light : btrti that the vifilMlity.oE 
light depend upon opaque ' bodies, is an: vos' 
verfiqn of the order of canfc and efFeift. I be?< 
lieve it has ever been the opinion of phHofo* 
phers before Newton, that light is^ fenfible prr 
fe. And it is not wonderfot that he epibraced 
the contrary opinion, fince his^vac^m^esrclod-^ 
ed that abforbing matter from the heavens, on^ 
which (hadow and darknefs, as well there, as 
upon eatth depends. On account of this ab* 
(orbent black matter^ whichis univerfally (Uf-^ 
fufed, all parts of fpace muft be darky elcept 
where the folar efFufions arc fuceeffively flow- 
mg V and : the, part of . fpace where they flow,: 
muft Appear more Inonnous in proportion asr 
they are dcnfe. A refra£ted beam therefore' 
puffing, thro' a lens, or coUefled by a tranfpa- 
i<ent body, (hould appear confpicuous in this^ 
dark medium. Now, comets being large tranP 
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]!«rent bodies, mud collect and refra£t a greaf 
quantity of the folar light ; whidi being com« 
parted, mufi llrongly iUnminate the fpace it 
occupies. This, collefted light, being denfe 
^eh. the comet £5 near the fun, ixA tail ihould 
then appear large and luminous^ and grow fmall 
and faint when the comet is naore ^diftant. It 
would be lidiculooB to fay, that light in the 
ibctts of a niirror is^ rendered vifible by duft 
floating in it, when ail bodies are confumed in 
k; and. if this oompafled beam be viiible^ 
fer/t^ why flioukl not the beam^ refraded by a 
tnqifparent comet, which is alfo a lens, and 
hu the ppwfer of dondenfing light as well as 
a mirror* Light ia alfo viftble in an exhaufted 
receiver. 

f - • 

- Sir Uaac Newton, notwithftandihg the den^ 
ftty of fume and vapour which he requires in 
the oomiet'fi tailsito render their light fo fenfible, 
in another place jpmves the rarity of their tails 
by the vrfibiiity of the ftarar that are fecn * thro' 
them. This circumftance is a ftfong indica- 
tion of the black matter of the heavens^, and 
very unfavourable to the Newtonian fuppofi-* 
tion. For fuppding this black medium, it 
muft contrail thofe two fpedes x)f light, and 
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lender thein diftinguifliable from each other;, 
the tail being bat a thin beam of light thro* 
which the brilliancy of the ftars appears. But 
jif, on the contrary, the tail of a comet was 
made vifible only by the quantity of grofs va* 
pour that fubfifted like clouds throughout its 
whole lengthy fince the vifibility of the light 
depends on the denfity of thp fume or vapouir 
which refledls it, the tail to be fo confpicuouj^ 
(hould certainly be a very denfe vapour or ve- 
ry thick cloud. But fuch vapour or cloud muft 
ticceffarily obfcure the liars beyond them, in 
which cafe a ftar of any kind could not be 
feen thro* the tail pf a comet, for the ftars are 
concealed from our view by the flighted cloud 
that intervenes^ Since then fuch a denfity 
pf vapour in the comet's tail would intercept 
the light of the ftars beyond it, and totally 
conceal them from our view, it follows, that 
their appearance through it overthrows that fup- 
pofition, and proves that their tails are not grofs 
fume, but pure tranfmitted light 

However, we do not deny an atmofphere 
about comets, having proved it fo ufeful and 
even neceffary for their motion. And if any 
one fuppofe foreign matter neceifary for the 
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Yifibility of light, the atmofphere we admit 
will anfwer that purpofe. But then the quef- 
tion ftiil remains, whether it be the folar light 
falling directly on the fumes of comets, or the 
beam tranfmitted thro' their tranfparent heads 
that form Iheir refplendent tails ? Now, that 
the latter is the truth, is clear from all their 
phaenomena. For the tail or beam of light 
which the comet reflefts by refraftion, fliould 
be conical, and expanding from the fun ; as it is 
really obferved to be. In the fide view it (hould 
appear like a fan, which is alfo the fadl. In the 
after or front view, like a beard round the co- 
met ; and In the intermediate pofitions it fliould 
afliime appearances varying between both j all 
vfhich agrees with obfervalion. But that this 
conical beam fliould appear like a broad flam- 
ing fword, as if terminating bluntly in a point, 
as many people have feen, is the chief ground 
of objeaion to this theory. However, even 
this appearance is fo eafily accounted for, as 
ftrongty to confirm our fyftem. For the cor 
met being a fpherical tranfparent body, (fee 
plater, fig, 2.) the light collefted by it, as by^ 
lens perfeaiy fpherical, will be fo refrafted as 
to form a lucid cone, whofe vertex is the focus 
of the fphere, and will be at the diftancc of 


NATURE OF COMETS. 207 

iialf the radius of the fphere from its furface. 
This focal diftance will be infenfible on ac- 
x»unt of the remotenefs of the comet from us ; 
for on this account the appare^it magnitude of 
a comet feldom exceeds that of a flar ; but 
the meafure of the angle under which a ftar of 
the firft magnitude is Teen, eludes both art and 
fenfe : confequehtly the fourth part of that di- 
ameter, or the focal diftance of a comet, (hould 
likewife be undifcernibic ; and, therefore, the 
vertex of the luminous cone (hould appear to 
be at the comet's furface. Now, let fe^tions be 
made at a. b. c. &c. (pi. I. fig. 3.) in' the co- 
nical body of light redtangular to its axis, and 
at different diftances from its vertex : the in- 
tcnfity of the light at each fedtion, on account 
of ihe conftant divergence, will be inverfely as 
the areas of the fcdlions, /. e. inverfely as the 
fquares of their diftance from the vertex ; that 
is diredily as the areas of the fmall circles at 
thofe fedkions, which are, inverfely as the areas 
of the fedtions in which they lie. Again, the 
fenfibility of light at different diftanccs is as its 
intenfity, that is, inverfely as the feftion, or di- 
reftly as the fmaller circles within them, whofe 
areas are made inverfely as the diftance from 
the vertex of the lucid cone. Lines, therefore, 
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drawn as tangents to thcfc fmalLer internal 
circles, will determine and bound the fenfible 
part of the comet's tail) for the parts without 
thefe tangents have not a fufficient depth of atr 
tenuated lights to render them feufiblc at fo 
great a diftance from the axis of the tail. Now 
as the circles are continually dimini(hing« and 
confequently their tangents converging^ the fen^ 
fible tail of the con>et« mufl: likewife dimini(h| 
and at laft terminate in a point. Hence it is 
clear, that the fengble tail of the comet (hould 
have the appearance of j^ fword or the jfiame of 
a canclle,(fig. j.) firft enlarging, and then grow- 
ing fmallj for the part of the tail next the cor 
met, being fufficicntly denfe in all parts to ex- 
cite fenfation^ will be totally ken^ and, there^ 
fore appear divergent, as it really is. But in 
a remoter fc£kion, the light bring rare, there is 
no where a fufficiency of it to afFeft the eye, 
except near the centre of that fcftion : and in 
thofe ftill more remote, fuppofe the fedkions ^. 
or f. the light in the dircftion of the vifual di- 
arpeter, altho' very rare, fliall, on account of 
of its depth, ftrike the eye j but the light in 
all other parts of that feftion (hall vanifli on 
account of its rarity. Confequently the tan- 
gents Zy. and Xy . enclofe the part of the co^f 
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mets tail, which alone has force enough to ex- 
cite vifion I and as thofe lines converge and 
meet in a point, (o will the vifible tail of fome 
comets after enlarging, grow fmall, and afiume 
a figure whofe fides being produced will end in 
a point* 

The regularity of thefe appearances muft h6 
fomewhat interrupted, as well from the ntmo^ 
fphere which furrounds the comet, a$ from the 
clouds which float in ours ; both of which occa^ 
fion great varieties in the comet's taiL For the 
light which its own atmofphere coUe£bs, wilt 
make its head appear more fdl and lumpifti^ 
and will make its tail terminate more Uuntfy; 
On the other hand^ the clouds of our atmo<- 
fphere, which are fometimes rare, ibmetimes 
extremely denfe^ and generally in motion, wHI 
give the comet's tail an apparent tremor, and 
make it look like a iftreamer or a flaming 
fword. But when the atmofphere is free froni 
cbuds, and ^tbe jet black firmament perfe£Uy 
clear, if the comet be near Perihelion, where 
the intenfity of light is great, tiie tail will ap* 
pear long and conical like a fan, altho' even 
here, from the reafons above mentioned, it may 
alfo feem tapgring towards the end« 
Vol. IL P 


fio THE MOTION AND 

Having now fully eftabliftied our own opi-» 
nion, with refpedt tcj the tails of comets, we 
(hall take that of Sir Ifaac Newtoh into fur^ 
ther confideration. This great author expoka 
three opinions, which had prevailed artiong phi- 
lofophers with regard to the prefent fubjeft ; 
the third of which he embraces, to viit^ that 
thefe tails are a kind of clodds or vapours rif- 
ing from the comet's head and tending to the 
parts oppofite to the fun. After a long cotirfe 
of reafoning in fupport of this opinion, he 
concludes thus : ^ Therefore, the tail depends 

* on the motion of the head, and not upon 
^ that region of the heavens in which the head 

* is feen. They are not, therefore^ made by a 
*. refraction, of the heavens,' but arife from the 

* head, which affords refledting matter ; for as 

* in our air tbe/mkc of a body fet on fire afcends 

* upwards 9 and tbat^ either perpendicularly if the 

* body be at reft^ or obliquely if it be moved to one 
^ fide \ fo in the heavens where bodies gravitate to 

* the funy the fumes and vapours ought to afcend 
^ from the fun.* 

It IS allowed, that when a body is fet on fire, 
it produces a fmoke, which afcends perpendi- 
cularly or obliquely according to the ilate of 
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the bo4y or the motion of the air* It is alfo 
well known, that this fmoke is dark, denfe 
opaque, and void of light until it kindles into 
flame. When the (moke is elaborated into 
flame, by its heat and denfity the fnv>aky ap- | 

pearance will vanifli, and the flanle. iAo which 
that vapour turns afcends, and varies its ppfttipn . 

cxadtiy like fmoak; but willdifFufe light on all ^ 

fides as does a fun-beam : for the light in both 
is expanfive, and will therefore be effufed and 
propelled to all fides. Therefore, fuppofing a 
vacuum, and that the origin of the tuci^ tail 
of a comet had been vapour, no reafon can be 
aifigned why it fliould be more corifpicuous 
than a beam of folar light. For if this; tail be 
a fmoke or vapour, it cannot be luminous until 
it kindles into flanie, and then the fmoke va- 
niflies, which is known by univerfal experi- 
ence. (See our 4th Ledlure.) Therefore, if 
it be feen without refledking matter, fo may 
the compacted beam ; and if any reflecting 
matter be fuppofed to render it vifible, the 
fame will fufHce to reflect and render fenfible 
the light of the collected beam or tail of the 
comet. 
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W&(hk\\ ri6w eisiaiWiife ite^tail a§ fe vafJAi«r J 
let tl^ faj^)tiifei €ei'Ar^\mkni feka^ a< tac\kbitt 
ill t!he fcfettv^ni ; N^witofii t^Hcre ht it^^^d 
tfie i-elraetibti of Kghty m paflmg thfo^ medioni^ 
of diffllt^ent deiifitie^) llieVs that the l)eaflnf lb 
hetti towafd^ the {)erpendi6idar i» the .dessfer 
medium. The ele^ric matter alfd is known to 
dddtfnd to the earth m vackoi both which^asit is 
t»riter(ianyi8oncei^ed, proceed from the f^pe- 
flop ^tm<%oTf t>f the denfer body cmt. me- 
dimif^ 1 K' f<)i ^ ^^^^ caufes ptodoti Gk^ ef-^ 
fedti^ >«lky ^oiild n^t the comet's tail.be turn- 
td tidwsKTtlts the fuHy which, according to; the 
Kewtbtliaii principlei^, eiserts ah attraAioR far 
filore pditeerful than ail Ihebthdr bodies of otir 
iyilem. - \ 

On the: other harid^ let the heavens be lio 
ibngei* a vdcUum^ and kt ttefe tails afcend, not 
by attradtion^ but, to Sir Ifaac Newton affirms, 
as'vapours and fmoke do upon earthy viz. by 
the unetfual denfity pf the atmofphere^ which 
makes bodies of lefs ^ci6e gravity than an 
equal volume of air afcend to the more rare 
regions of the atraofphere. If this be the 
cafe, whereas it is infinuated in Newton's 21ft 
quere, and with great juftice univerfally believ- 


ckffidt^-t roc ;jvb3tevn({°t^7%ifaayei4l«L<|oq^Acii 
taiQfi vanippfed .vlF, IfluMdIi ^ao^iadcifirjaafar ths mem 
<itni(f«7pMt%eiindllbiiiiltQ9^ /ilK)re^>fi»r^t»waiMi| 
ifes tiiKffrtnrhBteforfi ^ggtoyHascwi^hg tto ::this 

j^l!»<» . <*flffg?^;A>y;nrt!Pomoti<Ml..()f,jhj5.j^p|^, 

^Yite'fttfef^Hing.if?^'j,% :>9cl^W ..auifi or 
Fethf5?»l ffli|dji(jrii,;ifltaiws^9^th.%t it i$ raqre ,j[4Ee 
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' Thefe tHkigs Isfeiarg '4tily cohfidered; allho* 
Aifrinte9rpl)(M%9\)fb]to^ and: 

i»ICiotha«rf*re^codld!'ffflil^ thee tr^pa- 

ptM^ of ^ thefe bodies, libould wt im^^irom ;the: 
pitted' of ihet t^i t)the)ifia'*WldcrifiguiC' ;which 
ftitrie « df ^lliem eidiaat>;5from'^^tbe[ Vifihitity <>6 
€}ie ftars tlilo^thfemys^i ift th<brt,Trom afflthcir 
pli««Dfeetta, conclodefllii^it tfiefe tails are fcol- 
ledted artd rtfraif^ ^^l«^ bf^ tlfc'f<btar Kght, 
todi febttfeqiiently/ the^cSflRltfta^ tftemfelvfes tranf- 
parent bodies > Thl$ ddn^M^Sn <vQfild be eon- 
fi^Hied-^ft^Pfarther by-^ ci€?illa1n analogy ^vK the 
bodies of^atAre^i' ' fd^ ' ^Mfkb^^- >^*^haVe here 
upoft eartb; opaqlife, lufeihbus, aiid^ranfpareiit 
bodies ; w^ already^ Icnovir of opaque' and lu- 
mirious^bodies in* the heavens ; rrfight we not 
therefbft'be induced ^to^hink Xlkrfdm of Ihe 
ccleftial bodied ar^lalfd mtitp^^mii'^vtvi''^^^ 
we had not difcovcredf hem ? - ^Andi^biibH^fr; 
if -eve cbtild ground any 'ri<ionarcbttj^aui-e-'6ri 
the nature of tht^ celeftli^ bodieisfiHC)m^^ t^^^ 
ftatc and mode of -ftidtfori, Welhdiild c^ncfede, 
that tbi* comets ai'e of a kihd diflferdit from the 
flats iand planets. ''For we find the fuii arid all 
other fixed bodies in the heavens^ -endowwl 
with their own native light : we find, on the 
other hand, that all thofe bodies which revolve 
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in circular or diptic orbits, like our earth, are, 
likelier, dark and opique: Now as the co- 
mets af e neither at reft, nor move in circular or 
eliptic orbits, it might be fuppofed they are 
neither opaque like the planets, nor luminous 
like the fun, but of a different kind from both, 
fo te;//, tranfparent. Upon the whole, why 
fliould not the heavens have their tranfparent 
bodies as well as the mines of Golconda } Was 
ever diamond or any diaphanous gem fo qon-r 
fpicuous an ornament in the works of nature, 
as the luminous head and refulgent tail of a 
comet filling a beholding world with furprife 
and admiratipn ? Their appearance has ever 

been tremendous, and impreiled mankind with 
terror and awe for the Supreme Being, who, in 
the comet and its Rowing tail, feemed emblema-^ 
tically to hold forth a fcourge over offending 
nations ; whence, in ancient times, they were 
regarded as omens of the death of wick-r 
ed kings or tyrants, and of the overthrow of 
dates ; which prefages being commonly pro- 
dudlive of repentance, amendment of manners, 
and a devotion towards the Supreme Being, 
rendered one comet of more utility to the earthy 
than, perhaps, all the ftars and planets in th^ 
licavens. J^owcver, the tranfparency of co- 
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mets ^e^ ^ot depend on conjecture or analo^ 

gy » \} 119 ^ ^}^f ^^om the phaenorpena as the 
opakenefs of die planets is from their phafes. 
It is, tl^wpfpre, n^edlpft to infift farther pa a 
matter as well demonurated as any point in 
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LECTURE XI. 


Oa tbe Planetary Motions and Attracr- 

• •••• •!•♦• 

tion in general. 
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SECTION L 

The Planetary Motions mechanically folved,, 
according to the Ratios geometrically in- 
veftigat^d. 

JL^OTHING is more eafily conceived fhan 
the afcent and defcent of a body in the fame 
right line, accompanied with fucceffive accele- 
rations and retardations, as it' is familiarly, tho* 
not accurately exemplified in the afcent and 
defcent of a (huttlecock, or even of a ball 
toffed upwards repeatedly upon the hand. The 
curve jpath, which a body defcribesif thrown 
in any direction except a vertical one, is alfo 
obvious, and exhibited by daily experience in 
the continued flream 6f water ilTuing from a 
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fire-engine, or from any other veffel when the 
liquor it contains gets vent ; or finally, by the 
courfe of a (lone thrown, from the hand. This 
curve, which is defcribed by liquids or other 
bodies obliquely proje£ted, is called a parabola, 
jind is produced! by the co-a£tion of gravity, 
and of the projcftile foirce aftiitg fimultaqeoufly 
upon the moving body. For the body being 
a£ted upon together by both forces, and being 
oblige^rto yi^ld tp each in proportion to it*s 
peculiar energy, muft follow a kind of middle 
way between the direftions of both forces, 
yrhich in the prefent cafe generate a curve, 

Hence we may clearly underftaiid, that if ^ 
planet in Aphelion fhould get an impulfe like a 
comet, not indeed in a dire<Stion towards the 
fun, but in fpme diredlion oblique thereto, it 
would l?e forced to defcribe a curve, being 
jSiGitd upon by two forces, to wit, that of the 

J 4 # * 

celcftial matter, an4 that of impulfe or projec- 

t mm* 

tion. ^ The fo|^mer would car^-y it direcjlly tp 
the. fun, hut the latter impels it another way, 
and permits it to obey but partially and ob- 
liquely the influence of the forn^er 5, the cot 
aj5tion therefore of both thefe forces would ge- 
nerate a parabola^ but the diverging efFufion? 
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of the fun iexpand, and round its path, 
into an ellipfe, which is ^ fpecies of curve be- 
tween the parabola ^ and th6 circle. How- 
ever, zt the' adion of the celeftial matter 
IS conftant and uninterrupted, the planet pro- 
ceeds towards the fun in its fide-long diredion 
until it comes into that part of fpace, where 
the folar emanations prevail. Thefe emana- 
tions in this cafe aft not in diredt oppofition to 
the planet, as they do with regard to a comet 
which moves direttly to the fun, and of courfe 
they do not retard its motion or oppofe its pro- 
grefs fo much as they would that of a comer 
but rather bear it oflf from the fun, gradually 
changing the direftibn of the planet from that 

of the centripetal force, which gives it the firft 

• • • •■ 

tendency to the fun ; and fince the fpiffitude of 
the folar effufions i^ in the inverfe duplicate ratio 
of the diftaucc from their fource, their cfFeds wilj 
grow more forcible according as the planet ap- 
proacl^es nearer to the fun.. Befides, they will 
bacoijtinually impregnating both it and its at- 
m'ofphere with ele(3tncal or folar matter, of 

whpfe repulfive vigour we have faid forpething 

.^ I. . ... ■ ' • ... 

iifthe laft ledlure, but Ihall rnpre fully explain it 
when we come to treat of eleftric and other 
attraftions. We have therefore in perihelion 


420 PLANETARY MOTIONS 

a 4pyblA^avife for the dirninution of that ceq- 
tripetal force which impels ^ compt lOr^ planet 
towards the fun, and a real, permanent aud 
nicchanifal agency to drive either from its pe- 
rihelion back again tpjts apheliqiu to mU^ th^ 
ek£iric faturation -of xhp planet land its ^tjnapf- 
pheK:wh\ch generates . xepulfion in approach to 
the furi. ,and alfo the incre^fiAg fpiflitude of 
the folar emanations, which likewife caunteraft 
the centripetal tendcDcy and prevents the nearer 
approach of the planet to the fount^i^ of h'ght. 
We need not therefore b^ve i"ecourfe tq an ad-j 
ventitipus, felf-geoerajted^^ntrifugal fqrcc;. 


1 1 1 _ * 


But it is to be remarked, that the centripetal 
prppenfity of a pjaaet is very difFerent "from 
that of a comet, the former corning obliqpely 
towards the fun in a curved path, while the 
other cornes direftly from Aphqliorl tp JPeril^- 
lion iri a rc6t}neal path. For this difference in 
their accefs produces a correfponding difference 
in their recefs, for whilft'the comet,, as hath been 
explained, is driven direiftly back irom the fun 
it\ the fame right line by' which it had approach- 
cd, it like a light body to and from the eleflri- 

lied bar or prime conduftor ; the olanet fn the 

* ' . ' '' . " ■ • ' * " ' - • * 

continuation of its curvilineal path diverges'in 


I 
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fecfcft gradiiaHy from Perihelion in aii atch 
fequicutved with that, in which it had approach*; 
ed it from its mean diftance ; and thence di^ 
fcribes in its courfe to the next mean diftance^ 
and thence again towards Aphelion an oval path 
fimilar to that, which it had defcrlbed in com^ 
ing from Aphelion. For the fourcefi of the 
two forces which give the planet motion, aild 
by whofe action and compofition it dfefcribes 
one fide of its orbit, retaining their former 
places, cfficaty, and propenfities, mutt caufe it 
to defcfibe on the other fide to Aphelion a 
curve fimikr and correfpohding to that which 
their adion before produced on thiis fide, fo 
th^t it WiH return to its original place in Aphe- 
lion ; and there the fame forces acting as before, 
Ihall make it return to Perihelion in its former 
pajh. 

To illuftrate the diflfcrence between the reoefa 
of a planet dnd that of a comet, we muit take 
notice Ih&t adtlon and re-adion are equal ateid 
contrary ; and . not that alone^ but tliere is a 
•correfppnd^iKe, between the rtiode of adtiori 
and that of rtf^adion, /. e. if tije one be flow or 
fudden, the other fliall be fo likewife. This 
we have remarked and experimented in our 
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Icdlure on the clafticity of bodies, where it wa« 
found, that there is fuch a' relation between 
the reftitutive aft, and that of preffure or im- 
pulfe, that both are alike flow, fudden, or for- 
cible. But to give an inftance in point, it is 
well known that boiling water poured into a 
cold glafs veffcl, will crack or burft it. Yet 
chymifts prepare glafs fo as to render it capa- 
ble of bearing any heat, even to remain in very 
hot fire or flame without injury, and therein to 
boil any liquid, even mercury. This is effedl- 
cd by holding the veflcl full of mercury firft at 
a proper diftance from the fire until it is equally, 
warm thro* all it's parts, then by approaching it 
nearer, that it may acquire throughout all parts 
a greater degree of heat, and fo on gradually 
until the veflcl coming to the verge of the 
flame acquires an beat almofl fufiident to piake 
the mercury boil. In the fame manner it is to 
enter the flame gradually until the liquor be- 
gins to ebuUiate, when the glafs h fo temp^r-^ 
ed to (land the flame, that it may be left there- 
in as long as you pleafe. Now, as glafs cracks 
and flies to pieces with a fudden heat, which 
as fuddenly excites the expanfion of its con- 
crete fires, fo a body being fuddenly faturated 
with electrical matter, will as fuddenly fly off 
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from the excited electric, by which it is impreg- 
nated J and hence fmall light bodies are fitted 
to exhibit fuch phaenomena of eledbricity. But 
wheh the expanfion of thefe internal fires of 
the glafs is gradually enlivened by a flow and 
gradual heat, inftead of afting with expanfivc 
violence, it arofe fo flowly and gently as to ex- 
pand or to enlarge the dimenfions of this ex- 
tremely brittle fubftance, without occafioning a 
crack or flaw. 

In the fame manner then a large fufpcnded 
body as one of our planets, when flowly and 
gradually impregnated with the eledtric or folar 
matter, is brought to fuch a degree of tempe- 
rature in its gradual and oblique approach to 
Perihelion, where it is perfedly faturated, as 
to effufe a part of the expanfive fluid it im- 
bibes : between which emanations and thofe of 
the fun, a repulfion is exerted prodigious in- 
deed, and capable if it had been fuddenly ex- 
cited, of making the planet flioot off like a 
cornet^ from the fun ; but having been raifed 
by flow degrees, like the expanfion of the vi- 
trious and mercurial fires, and its approach not 
being diredt, but in a flant direftion, it only 
begets an oblique gliding reccfs, blended with 


1 
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the tenor of the planet*s former propenfity . Be- 
tween both thefc caufcs, the perihelion part of 
the planet's path fwells into a circular arch, 
whoTe radius from this new divergent propen- 
fity gradually acquired, will at length increafe^ 
fo that after that the path will again deviate 
from a circle^ and fall into an elliptic curve, 
fimilar to that which it had defcribed in ap- 
proach to Perihelion. In this eliptic curve, the 
planet will proceed towards Aphelion, until 
overpowered by the increafing centripetal force 
of the celeftial matter,- it is obliged to defledt 
from an elliptic into a parabolic courfe ; which 
kind of curve it traces in Aphelion, and conti- 
nues in, until the increafing ftrength of the 
folar emanations fwells its paths once more in- 
to an ellipfe,and again, at Perihelion rounds it 
into a circular arch. So that the whole orbit 
of a planet is neither an ellipfe, a circle, nor a 
parabola at all parts, but an oval, /. ^., as it 
were^ the fedion of an egg made thro' both/ 
ends in the continuation of its axis, which may 
be compofed of thofe three conic feftions, 

changing into each other. 

■ * 

To render all this more fenfible (fee plat. 2.) : 
in this fchcmc the primitive circle paffing thro* 
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fhe folfticial ind equinodtial points y» SS, A» 'v^' 
re^tcfeht tht ecliptic in the concave furfacc oH 
i!he fpheribal (pate, wtiich the fun zi tlic centre 
9 illumiriates. Ftoiti this central ftatioii he 
])durs forth his fucceffive effufionSt which fili 
that f](>hetidai fpace fiowirig to all fides in orbem 
f^otn their folar fdurce to the concave furfaceor 
the firmatiiedt, ahd chferifhing with heat and 
light the fyfierh' of j^Ianets thatt revolve abou£ 
him at diflfer^nt diftanc6s. Thefe fucceffivci 
efrufi6ns,f(wbofe centriftigal force wifaw in our 
lad lecture is capable of repelling bodies 
from the fun on all fides, and of ui^ng them 
to Aphelion \ii alldired^ionfi), a i^elreprefented by 
the f6veial cotlc^ritriclc circles httt ^efcrilfjed 
from the centre S. The inteAfity thei^efore of 
this rfcpulfive (oxtt iX &ny of tWe circles is in 
the inveffe duplicate' ratio of its dil^hce from 
the fun ; but the coHatiis 6f its pdWer at each 
\trill be as tb<t Quantity of this ftiatter ehclofed in 
the fpherical fpacie bourfded by tfiiiat circle. 

Evef y (phcit is confypdfed of coneisy ^hofc 
vertices foritr its centrt, and whofe bafefis make 
its (t^rface. Let then the trifineal i^aceiB; fonAdf 
f>y lines drawn from the ecfiptic to it's centre^> 
teprefent conical bodies of ccfofiSal ixuttter^^ 


^^♦>t. 
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flowing cpavergcntly from alj parts of the con.-, 
qive furface of the firmament towards the fun^ 
to nouririi him and fupply tHe lofs he fufFcrs. 
by his emanations; by thefe cones .of matter 
boc[ies may be driven from Aphelion to Perihc- 
Tion in all poiTible dire£^ions as were the comets. 
The centripetal txiatter, or folar aUment. which 

fqrnis^ thefe cpncs. is indeed pure and aninter-^ 

, ' . ' ' . • . • . . • » ^ • .... - < 

rijptcd in Its a^ion at the concave furface of 

the firmament its fountain- where the caufe of * 

the centrifugal force is entirely abforpt; but 

the. cpnatus of its power is diredtly as the ^ i 

magnitude of ^he * cppical body of this matter, 

whic^ is behind, ?very planet and preffes it 

t9 wards the fui>. The body at A, for inftanafi I 

iSr, pr^ffcd in.by-the cone i, whofe vertex is at 

A,; The cone 2,. whofe vertex is at B, is greater 

than the laft, that whofe bafe is at T, is greatei; 

again J and ft ill. greater are the cones 5y6^ 7^ 

&c., Thus the preflure.of thisceleftial matter on. 

the planet is cpujinuaUy increafing along with 

the magnitude of ' the cones, until the body 

a?riycn/atJP«ribefcnt fuppofe atR, which isj^t 

theyf^.t^x of th0 gtcateft caae.tbat:a!5ts upQu. 
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KoviTiy.m the ianiie * Ichertiei, fuppofo a body 
kt A, projcaod in &\c^dit&t\oti AT, k will m- 
Hantly be .focted oirf df th^t right line by the 
tendebcy of the cdellial ^uid /in Whicli it moves 
towards the fun at Spfo t;hait^ by the time thfe 
pknct'fliovW ajrrive at^T in free fpace, itfliifll^ 
thro' tberprfcflbn ofi this, fluid, adlng'ln ffife 
foriiL of thfc cones i, r^^ y^ ^c." be fonrtd at <jf^ 
tod therefore, iaftead of :w6viftg in ttftjil^fei 
line AT, it IhaU defcfriBe th^ curw A 6 q. - -Fdr 
the fame reafon, in its progreft thro'« the-iJeniri- 
petal fluid it fliall be <^veft in tjie Gorittbuatioil 
of the, feme curve to C, R, QjO, fctSajJiii^bli^ 
tog art it procecdfiilill:iiea«!::to the ecnfrej and 
that with an accdccated ^mc^ttori on account' df 
the increafe of prtfl^pg^ which fucoefl&nely oc^ 
curfif ffonl,the increafioj^tb^ftitude of tli^Sbnc^i 
which fucc^ivdy aft upon it. in- thtii* hh9€n^ 
toward$ the fun j fo thftj if^h**Bd(^ ifieet^iibt 
with fome. fotcc totci5^ftteMdtthis*![^nfe^cy, It 
inuft, by. the law ofthitf IctM^of niottdn, pto^ 
eeed in' a fpiral path R] <i^, O, &rc-u?rfiT ii 
falls into .the centre of' its pfojSanfity/ whidi 
touft .be the planctfsifat^i in a. few^Tevdiition^ 
unlef* fqm'e other power Ihpef^sae. 
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If woiild be vaih. to .pr^tejid. thatf |y:incjreafi? 
of the planets circulating velocity will give it a> 
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centrifiigal force ftifficieat to overcome the (%n^ 
tripuliive maXtCTt tod to bear it off from the 
fun; fof the velodty of « body thrown into f he- 
verge of a whirlpool^ will increafe^ and even 
become prodigioua^ accprdmg as the body 
nproachea the centre of the vortex ; neverthe-' 
left, this great velocity, inftead^of preventing, 
accelerates its abforption. Even the exertions 
of animal ftrei^tband agiKty (whicb cannot be 
attrrbuted to a pboet) tho* aided with the cen*- 
irifu^l force, which a rotary motion begets, are 
not capable of preventing the deftrudion of an 
animal engaged in ode of thofe fatal vortices; 
We admire the vigpur and aAhrity of a fifh in 
water^. particularly of a falmon, whkh will 
fwim againft. the ilronjefll ikttsany and make 
thei^Qofi aftoniflUng kaps againft the falling 
Ihee^.oC ^ cafcade to get farther from the fea 
up rivers m ordd: to flted and depofit its feed 
in fettled Takes of fi^fk water ;. the ftrength of 
a whale is ftill more furpriling, neverthelefs we 
have accounts of the piteable groans and* forcible 
but ufele& ezertiona of tbofe creatures, when 
they happen 10 get within the vertical* fphore 
of the Malftream off the coaft of Norway,, 
from which neither the rapidity with which they 
ate carried rounds nor their owa exertions can^ 
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4iaKver them ; for they are foon fwallowsd up, 
4a(hed agatnft the rocks below, and it. the re^ 
turn of the waters, feen to come upjn fliatter* 
td fn^;ments by thofe, who before wene tyc 
witneflet to their affefkiag firuggle^. 

We are therefore, far from denying dieine^ 
oeffity of a moft powerful force to oj^xiTe the 
eentripetal force, which ir continually acoele* 
rating the planets tendency towards the fun. 
Nor can we pretend to remove die difficulty; by 
calling in either an imaginary ipontaneous fcoBO^ 
or a power purely mathematical, howevjor ele* 
gant, ingenious, or happy this invcfitioii migltt 
appear, our fyilem is not ideal, but phyficaii apd 
provided with a real centrifugal force arifing 
from a material caufe more powerful than, that 
of gunpowder or dk^ricity^ but at the iame 
time as aiiak)gou8 to both as the fountain of 
li§^t can be to its flighsfft emanations. Nor 
could any power lefs gratt retard th^. ! motbn 
and change the dire^onof thole vafi .bodies 
moving with accumulating fprce andvplocity. 

As the planet then proceeds from its mean^ 
diftance, fuppofe at C, and sippcoaches its pe- 
rihelion at R, its fpu;al pa^h widens in^o a more 
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QifoiiarvcUhre, (0imd iwhioK it fW^eps ftill with 
an iaocteltf fated notoiibn^ to which three forces at 
ontf loftumr in i^ itstad qUadrMt of anamaly, 
t9fwiti' ift, the pfogicffive prbpenfity pf former 
accelerationsr, which , cbntinues iri'^ the * body 
through it's quantity of matter ^ the ad is a 
tendency towards the centric arifing from the 
ailtH)le€p4* ccntatas 0fi larger cones of celeftiat 
linitcer^ the-jdis theicehtrifngisil power of tlie 
fdlft} ^effufibnsy whoie repulfive fotpt incrQafes 
Wiih/thetrifpiifitnde^ aod i^bw becomes a poife 
tp« tbd ^ce of tfi& ceti&ipetai coxies. . . Mean 
tinie tlie^pkmet and iis:. df niofphere. aacumulate 
iAs^^grtfltions of iSj^'aFesl^iinty, wh^fercpul- 
£te cfilianatiobs inc^etifing ^vith thf . Koumuta* 
tfihi), 'fit length entirety dMroy the ipihil teq- 
dfetlty V>f tlie planerjnetr IPeflrih^fion. From thence ' 
tS^rtifore,' by this aad' thtt 'ifi cavfeuBove noted, 
it ptott^As thro^ tl^ 3d i^yiadi^ant ofimxMf in 
the 4ontinuatioft' of ^h* Srcutar atch ' ter# dc- 
fdHbfedj^ bat diverging inti) fin 'eMipttc; cifr«^d to- 
vards iht next meanXiiftafice towftVdsifii ; 'like 
thaf Yrorii whence' it [hi^f^^rgtd fro to Tjtliro' 
the preceding quadrant wherein it comnicnced 
that circular arch of its^^path thro*" Pefihelioft. 
Thus It proceeds.ift the elliptic part of its path 
^y X and U in recefs from the fun,' \Vs niotion 
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m receifs, being Aiftained by two .PpFCC^ i/^l^t 
Its brogreffiVe proijlenfity,. which always ^ontir 
pucs in t|ie body, arid the diy^rging.^oj^^ if 
h^d acduirciJ from the folar cffufi9ns..whichit 
retains thro' yhe.laft quadrant of aijomaly. But 
its niotiori in this diredion js^now yndW'th? 

retardation that gave it acqster^^ 

tion in the firft quadrant after jtpaire4;Aphftr'^ 
lion. HerQ then its motion, in xecefk is ^ntii^lfe 
changed to that of accefs by the ible fprM §i 
the ce[eftial matter, for t^e elf dtric effufion^ 
and fgiar cnunations are here eitfii^lv abforhedv 
stfid the efficacy of the ^elcl^: wetter. ^wHich* 
fwfijs here) like that of every jeleppqtvy JStdd^^ 
prevails near its fountain, j^he^e the o'pp9im8f 
powers are.A^foxiJt. The pl#pct Jhctiiavlagi 
pafled its ^heiion^ prpce^ pa e^sat.$rftiouftd^ 
its orbit, whe^e it will^ever pofijti^uc t6 move 
while. the iuQ and firmament r^tlw their.fdace^' 
aad jvopenfitic^ with the.mut^l trafHcjof tkeiii; 
cfFufions.. . . V 
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WittipuV drawing any paraljeli or forming a 
conipariibn between the agents^ here -^fligbed 
for the planetary motions,^ and the (ubfta^celcfg. 
caufes now admVtted, by philo(pphcrs,: we^.fli^l 
give a further proof ^ priori of the exiftcnce of 
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our material principles, by (hewing that they 
realize thofe laws and conditions which mathe-i 
matical reafpning difcQvered to be the necefiary 
qualifications of the fofrcps a^ing pn the planets^ 
Thofe who have read the Pnncipia^ cannot be 
unacquainted with thofe Aandard expjrel||ona 
of the centripetal force inveftigated by Sir IfaaQ 
Newton, prop. j5. L i . which he calls folids^ 
They may be applied to the ellipfc or to any or 
ther curve, whofenaftent or evanefcentarqh (hal) 
be of the fame curvature with a circle at a 
given point. For by taking the value of the 
tisrnis, which enter into the expreilion, according 
to the properties oi the curve affiinied, we have 
](i known terma the law and intenfity of the 
fprce, which in that kind of trajeAory impells a 
body towards the centre. However it muft be 
obferved, that thefe expreflions (b ingenioufly 
invented and accurately determined, are only 
the law or ratio of whatever power afts upon 
the planet, but not the power or force itfelf. 
Jull as the numbers 20, 1 8» 1 2, &c. pounds y may 
determine the quantity of powder that will dif- 
charge a ball with a certain force j but if ab- 
ftrafted from* powder will not involve the cASt ; 
pacy of an expanfive force or affc£l matter b^^ 
jrig only ideal. We Ihall therefore, no^ qn|| 
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eftabltih the ratio of thefe qentripetal fqrc^ of 
Aandiird folios, but alfo realize the material 
csmQi which adls according to them. If ma* 
thenvticka and phyOcks Ifaall be found tacoiii^ 
pide, they will mutually fuftaio «ach oth^» For 
thus Sir ^Qiac ^ewton^s invtftig^tion, tho* de- 
duced frpm idea» will be verified by fad } and 
that pbyfi^I ageijt which if difcovered tq ^Ot 
^cqording to the trpe ^nd qece0ary ratio, muft 
be confidered 9s the real 9aufe of that efied| 
which accurately follows the f^tm I4V aq<) 
proportion. 

The theorem we allude to fUnds thys ; In 4 
/pace void of rifi/ience^ if a botfy rtvolvis in any or-^ 
hit about an imKrve^lf centre^ 0uf in tbe Jufi time 
itfcrihis qnar^ jufi then na/cent^ iffid fie verftdjim 
of that arc fsfufp(iffd to h dra^m hifeSif^ thf 
chords and produced pajif^ tpro^ the (entn tf force ^ 
the centripetal force fn the middle cf the arc witt he 
as thecentripefalfyrcfdire^ly^ and ^ fhefftitre ef 
the time iwtmfejy. This is demonArated in tbe 
prindpia, but may be rendered more fimple 
and brief thu$ : The force which makes^ a body 
defleft from its reftili^ear dir^dlfoq in a given 
time mud be as its efTefl in that time /. e. as the 
perpendicular didance the body diver^ from 
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Ifite tSMjgentline, wWch diftahcc is ekprtfkd t>^ 
the vvtftd fine of the arch defcribed. AgaiTl, thk 
^(tes'defcribed, i; *. thofe verftd fines thr6* 
wliich bodies ait iirgtA by tike forces, are ii 
Afcfqtiaretf bf this titaes, Confecpjemly ifthi 
ft&ccsT^iry , the veriTed fttitfs \^ill be in the com- 
pound ratto df the fdrces^ iti^ of thi JfcitiateiB tt 
tkii* : thertfort the forces muft be jls the 


irti'fea/fiH^ aireaiy /and the fc^uares.df tl?^^ 
tlfttcs ihvcxfefy, that iJ, fince VeW fin =i= f^ X T^r 

P^'venTme* 

(6or. I . ftc fig. a, pl/i*. and thofe at L & M,, 
fig." I ). ' *'If a body i^vblvingabbut thfc centre Si," 

* d(;rc\'ibfe''i',curve lifte, A P O , which a right 

* lirie 2'r K^ouc^^^^ any' point r» and from 

* arty t)ther* point Qof the ciiY^eCjl^ is dr^Wd 

* »j^iiaH6l (o tfie diftaqce SP;meetinjg the tangenf ' 

* ih tt'i arid Q 'f is drawn perpendicular to the* 

* diftsnce SP. the c^ntrTpjetaT force will be rer 

* pipra^ally ^:th5tT9!J4,--^jfn7 ^ |hc <b|i4.4?f ; 

*taKw-stf the', nkgftiiraclie which it uklmai^fy'" 

* aeqiAfe wHfefl thfe ftoi6es''P-9r C^cothcide'.* "' ^' 
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Fbrt^tJl 18 equal to the verfed fine oTdoubtd 
the arch QJ', ^i^hofe middli is P : and double 
the triangte S Q^ or ST k QJT i& the expo^ 
nefat of^ the time in wbidi that doubfe afch iiSP 
defcrited^- Confequentlylhe fijuare of that trir 
angle, /, e. S P* X QJT' is as the fquare of the 
time. But th« centripetal forcd was as th6 
verfed fine QJSi^ direfitly/awd inverfely aS tH6 

ibuare of the time, that is diredlly as !i?i-. — ^ 

therefore it is inverfcly as the {olid ■ . /^ 

(b that in whatever fotm t«^4- take a trwinglei, 
one or^liofir fides is the^ atx;h defcribed by ai 
body in a very' fmall titne, and another, its 
diftance From* the centre, of force, the fquare of' 
this triahgleV divided by the verfed fine will ex- 
pircfs a folid, to which tfcle 'centripetal forte aft- 
ing on the body is recJpfocal'ln' every poiiit'of' 
its orbit: . * .. ; 




Now, to rttlfec the material force ^hich' «lQs' ' 
accordmg to this law or foUd (which is there-- 
gular ftandard of the centripetal force) to realiw : 
it, I fey, in bodies compofcd of our celeftial fluid, 
(for this can be the only reil caufe of the cen- * 
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tripetal force) let us examine the figures I^ 8r M 
in our orbit^ whidi oorrefpoa4 in every line 
and ctrcumftanee with the 6g.^ which was mo^ 
Jelled an that confiru&ed and referred to by 

Newton. We fee this expreffion» ? ^ ^ ^V' 

q r 

which be calls a folid, is the ^ea Qf a triangle 
finared, and divided by a line Q.^* Every 
one knows a triangle is a magnitude of two 
dimenfionSf and therefore its (quare is a mag- 
intude of four dimeiifions, which being divided 
by. a nine ii % magnitude of three dimenfions^ 
properly afolid. It is not iiecel&ry to determine 
what particular kind of folid refults from this, 
becaufe all limilar foKds are in the triplicate 
ratio of any one of their dimenfions* But that 
which (i^tm$ moft natural and proper to aflame 
is the con? generated by the revplution of the 
yery triangle on which the ratio is foundedi^ 
and chiefly depends, l^et then the triangle 
S q p under conCderation be revolved about 
!t^ fide S p, and it will generate a cone. There 
ar$ four cones fo generated (haded in the fi- 
gure namely, K,,L, M & R, which reprefent the 
folids to ^hich the centripetal force is reciprocal 
in thpfe parts of the orl^it. Now, the little 
cones at their bafes i, 3, 7 & 8, are the quan- 
titles of celeftial matter which urge the planet 
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from Aphefioo towards the fan ; and their pref^ 
fare cxpreflcs tht dentripetal force at tKoib dif* 
ferent parts, for tfaey are the reciprocab of the 
great cones aforefaid, which is thus pro^ed^ 

The f wo,.parts into whieh a fine is cut lAuft 
be always either equal or reciprocal ^ becaufe 
the greater one part of it be, the lefs miaft be 
the other. If a line drawn from the conciaive 
furfaoe of the firmament to the fun^ be dieref 
fore divided into two parts, thefe parts will bo 
reciprocal ; conle(|uen% &> wiU thei^ duplicates 
or triplicates. Therefore, if thefe parts be the 
wees of fimilar cones ; thefe alfo are reciprocate 
that is, the little cones, i, 3, 7, 8, at the mar* 
gin of our orbit are the redprocals^ of the largtf 
oaea K, L, M Jt R : therefore, according toSir 
IfiMC Newto&'s theory, thefe Utile conical bodies 
of celeftial matter flowing in to nouridi the (^m 
are the ttue material powers which urge the 
planet at thdr vertices towards that centrd 
body, and not any ideal attraction, which if 
properly (ifced and rightly underftood, haa 
only exprefled hiiheito the effeA produded by 
tlus preifive fluid,. . as fliall by and by appear. 
That all thefe cones are fimSar, is evident to 
any one who confiders the nature of the wi^ 


ajg PLANETA^BLt MOTIONS 

dium 'by which they are formed. Eor this 
filack rnatter being impreifed with one native 
propenfity to preserve . or recorer the balance 
i}( nature^ a$ wc hay6 remarked^ and lowing 
from the fame fphcricai furface with one uni- 
t^rfai tendency towards the fame point, muft 
iiavc ill all parts and at all diftances from the 
futti the fame degree of convergence. Gonfe- 
quently, the vertical angles oF the cones into 
which it can be refolved are equal, and there- 
fore all the cones are fimilar, which proves th0 
veiificatioit of the above expreffioti- in our ce-^ 
leflial matter. 

Again^ the oppofing powers of thoftf parti of 
the fpbif and celeftial matter which z£k upon 
^ny planet, continue in a certain ratio v^ith ref* 
pedt to each edier. For according to oih 
theory^ as the figure (hews, whete one is greati 
Ae other is fo likewife y and whef e one is fmaH^ 
fo aUb is the dtber, according to their peculiaf 
iratios. For inftance^ the planet when'- at the 
Aphelion A, is only adked upon b^y the fmaft 
con$ I, of celeftial matter, and on* the other 
hand. is. only re^afted on by folar cffufions which 
are: there diflfuCcd and feeWe/- Bat at R the 
Perihelion it is prefled in by the largeft cone. 9^ 
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aod ther^ the intcnfttj of the folar cflfuficw »» 
alfo greatcft. And if a planet wc«c fi^pofcd 
nearer to the fun, both oppofiag forcea would 
fltll increafcj but the cledtric rcpulfigrj, pro^ 
needing. from the. iaturatipn of ihc planet. and. 
its atmofphere with the folac emanatioDis^ wpuld 
in every fucfa proxtmity r(;ader .thf ^RtrifugaJi 
caufe vidorioas, an4 ^dvc off the piUnet ta 
Aphelion. But what we are tp objferye is thd( 
proportioi^s. The ccptrjpetaJ forgo of the cc-- 
leilial n^atter increafes, it i$, evident^ with the 
magnitude of the prelfiye cone, which i& in. the 
triplicate ratio of, its axis, that is in ,tbe ftvverfo 
triplicate ratio of the diftance from, the fun« 
Again, the repulfive force of the folar, efiEbftons. 
is as their denfity, that is^.in the in^erfe dupli-» 
cate ratio of the feme diilance. Therefore^ igf 
the compofttipn. pf the two oppoiiag fp^pes, ar 
firnple centripetal force is.jprcdominant, whicfit 
predominancy rifes to, another rujp by the 
velocity of the . cclejftial , w^atter which incr^afeit 
in the inverfe. ratio of thp 4iftancc, from- the 
body by which it is Qonfumcd, juft as does the 
velocity of water approaching a cafcade, or that 
of air flawing to the fire which confumes it. 
Whence upon the whol^^lbc centripetal for^e if 
. in the inverfe duplicate ratio of the diftance 
from the fun. 
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Thus the celefiial matter, which we have dif- 
Mvered td be the true caufe of the centripetal 
f6rc£ idling on th^ planetii, is fodnd to obferve 
^t vtrf law and proportion, which the moft 
itcurate matheniatical mveftigatioiis, founded 
tin the phaenomena of nature^ have deduced frorti 
geometrical Jafa^ withoitt siny knowledge of, 
or attention to xht feat and material caufes pro- 
ducing thefe phsbnofflena^ ind acting in that 
fttro. It wilt therefore no longer be obje<5lod to 
philofophers, that a powef purely idail brings 
the planets towards tht fufi, and that a rnathe- 
matical idea 6r advetit!tio(is velocity is the only 
dUfe affigaed for th^ir recefs. It will not be 
Cfbjedted that nature is complicated and incoh« 
fiftent with hetfelf as afting by her fcnowi^ 
fidds^ air, light and water^ on bodi^ herd 6ti 
dearth 6y inbtMilfe alotle, while ihe employs a 
contrary agency, io w£r, that of a fubftancelefs 
attradtion in the heavens. It will not be ^aid 
that efiefts are pawned upon us for caufes, and 
that the fcience of phyiics is fath^ a mathe- 
matical inveftigation of mechanical faws^^ than» 
ft refearch after natural agents. In our fyilem^ 
the maternal agent is diftinguifhed from its 
aSbtiU^ and from the law it obferves ^ the' fim^ 
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plicity of nature is prcfenrcd^d rendered uni^ 
v^rfal j and. in fine, real niatcrial caufcg aifiga- 

^ forihe accefsjj recefs, tiid jJI the mQtions of 
the heavenly bodies. 


r. 
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AttfaiSfion, duty tmderftood, no phy fical Caiile ^' 
but a.nariic to diftihgui(h bhe not y^t dilScK 
vcred. 
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It is noforio6s, tfat man> philofophere atpre- 
fent treat of. attraaipn as of a phyfical We^- 
^hich, according to them, gives an . ultimate 
and fatisfaftory folution of all phaenorhcna from 
the planetary motions down to the m^odifica.ti^ns 
of the mo^ minute particles of matter inchy- 
mical experiments. And this priiicipie is' ap- 
plied with.the more confidence 6y aflayers Mjd 
minute experimcntalifts, beeaufe it is a generaf 
perfiiafion, that tfic cxiftence of attraa^on hath ' 
been geometrically proved by Sir Ifaac Newton^ 
»nd therefore with them Ih^Ks the infalibility 

Vot.a R . .. >* / 


of mathematical tfertibhftratibir. ^ fiat it fa& al- 
rcaiiy 6*h ifhcwn, that it is nottnihc power of 
mathbmatits to tiivteftlgifte thie pfiyBbal haturc 
of any caufe, the objects of that defence being 
folely magnitude and number. The agents of 
nature, the mode of a£tion of thefe agents, 
their propenfities^, tec. i^t to be^ifcovered by 
inveftigations ilri£tiy phyfical, founded on an 
obfervation of the fpontaneous obfervations of 
* natuoe^ and An aiQyzaLon of p^iculai' ex|)e« 
riments ; while the intenfity of forces, the pro* 
porticms they a£t in,^ and the quantity or mea* 
Jure of the effects they will produce in given* 
circumftahces are determined by the help of 
mathematic calculations applied to the phsno* 
mena. Now let any unbiafled perfon, qualified 
for the fcfcarch, tiakie lip Ifewtoh's principia, 
"Sand ex:aminmg them from beginning to end, 
jKc, wTiethcr he (hall filiid' one fchtence of i phy- 
fical inveftigatioh tending to difcover the pby^ 
JUd/fuUure. the Jubfidhce or materh} a^m of 
the foitis whofe laws, proportions and cf- 
fcijis ^e mathematically determined by that 
au?hdr. Let him examine, whether 'Newton 
does itbt always difcMitti thofe inquiries,' pro- 
nounce them foreign to his defign, arid de- 
dare Tijmftlf totally undetcrtained abpiit them, 
which >Vdilld not be the cafe if he had deter- 
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miqcd them by mathematics, or were they car 
pabic of being anfwicf ed by that fcicnce. Fi- 
nally, let him fee, whether any ikilful reader 
can colledk more from thefe works with regard 
totttr4t£tion, than that fecondary planets tend or 
^avita€etotheirrefpe^veiximaries;thatthe pri- 
mary planets gravitateto the fuoi and th^t all bo^ 
dies tend or gravitate towards^ each oth^ihy feme 
forae^ whofe inteafity \s a$ the quantities of mat* 
ter, and inverfely as the fiiiuaresof the diilancea 
(fee the 7 firft props, jd b. Prtijc.) ; but whofe 
nature^ i. e. whether it be attraction or imptkir 
fion, and whofe cmfi^ i. t. whether it be inatter 
or fpirit, is totally unknown, uiKktermmed, and 
not even mquired into. One cteaf and decir 
five proof that this iUuflrious geometrician ner 
ver coniidered the exiftence of what is called 
attra^on as mathematically proved, is, that at 
the ccmdufion of all his works, he propofes ia 
phyfical folution of the tendency of bodies to- 
wards each other by the impulfe of a fluid 
unlverfally diflufed, called esber. But for the 
fatisfadtion of fuch readers as might not wifli 
to be troubled with a full examination of this 
author's works, I (hall quote a few of thofc 
paflages wherein the author himfelf fixes the 
meaning of the terms he ufes, and determinea 
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tTic real fcopc of his'inveftigiati'ons with mortf 
clearnefs and prccifion than all hii commcnta'^ 
fdrs, intfefpfctcrs, and panegyrifts have done. 

iThe fenfe bf every author is coUefted front 
hi6 own definitions, and, I hope, Sir Ifaac 
Kewtorl will be dUowcd capable of forming 
Juft andjaccilrate definitioi^ of his own mean-^ 
nlg:n KBfi defttripetal force, thert, of which he 
tr&tis tKi-dUghaac a great part of the two firft 
books of his Pnncipia^ he thus defines. Def. 5. 
A centripetal force is that byiMcb bodies are drawrti 
impeUed^ or any ways tend towards a point as to a 
cmre. Some perfons have cenfuredi this dcfi* 
liition as if Confounding ideas really oppofitc^ 
and leaving the force defined ftill vague and 
ufndete^mined. But they feem not to have 
torripVehended the fcope of the definitioR, 
which was only to deterrhine, not the nature of 
-any force, but the fenfein which the author 
.ufed the words centripetal force : and this it cer- 
taiiilydoes ; for from it we undcrftand, that 
wherever he ufed the word-s centripetal force ^ he 
neither meant a drawing force in particular, nor 
an impelling force in particular, but any force^ 
whereby bodies might tend towards a centre, 
whether the power afted from within or withr 


AMD ATirEIAa'EIf<m'i ^ 

in the iUufiratiQn of ^he jei^th defitaitipQ.^; VI 
^ life the iKordis . aOraffidn^. mpuVfl ^^ P^fP^^fi^ 
^ of Uny ida t6wanU%ttnCQiMre j^oiii^(b^ 
^ md^erenthf one fosLanothery ebnitdtmigithor^i 
^ fbroes, iiot pBffi&dfyi rh^t^ mitbrni^'alfyi 
^ Wheccfore, the reaUer issootlp m^agic^^.that 
^ by diefe words I imy ^ik^fi t^ktr^UpotkiV^^a 
^ dttfewUne tie kmd OS /iii^imm^ of:44ay^a9ioti,' 

* the taufc or the; phyficai leafgj^ tbwpp^.pt 
>,thatd[;aitributc foici»:in ^ "tr^f^SAifhyfifyA 
'Vfenfeito ftertam «ei<tref,Cwhi<ih ^iJf gi^^iaa^ 

^ to fpcrftrof cftntre^ a«;a^^j;^yQg,^r4j(i4ow*cl 

* .with alitraftive pQ>>?ers;S7rT^f«:ftW>rtp#flftgca 
clcady ihejv- tljatiheti^bfigft; i^fHl^lf^r^geipg 
dfifiinittori; aWic pf^thf?b\ttW«y v iex|4^Atift^ 
of 4ii$ t®tH5,, wbi^ j^» isft^'ipcyfwrrttrppgh^ 

^4»ftw^ng iscf^,^4fc!^fe^/3|p^^which 
hftiafliitt^jia »^%M«*«wftckf4u6ingthc. 

tbAiarixtawy »aip«ibp g^ i|fi?/;o£ to e^rprcfs 
.th^rn.. :\T^. : m'ie%^j<MH^^.iti^\^t^^ b^ here 
decWcft^* tbfll he do^ ii^jjjj^ijy |i©&pnr.^d 

-l"?¥l^^ . f l?at of ?|tta<§jfl5t,or^gri|V;ity^ ;^^(?1^ 
}5 the aftion he principally treats of, 
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latet JjiiB;-iif<.fJafl^Iiteyhe'iaadreclearl; ihtimates 
iir the iJdiKiaCioo Cff the'iithfe&idh; (L. tft. 
1^^;)' ^i in^. vG^ tlfe «ord' itttraftkxR in 
^ge^i!M^4iil«^<|y •ttidww'^O'', ^ -abai kind' fie- 
iiMf^mndeiby bodies to apfVoscb^ach-bUKr, 
< wdM^rimr-tiiBt eiUittav«f«|Ea}jffefrofnliie a£boo of 
' 1!fjfe,WJftif/Jt>f ^he iftri DTxifany iteinwr whdtfoc^ 
' veff 'vrtettle*^ le^'pmitt^r tnchrpored^ impellbig 

* bbftesv ^l!%dtl«R«H^tdiv{tnls each otimr; Id 

* thd &««>• gBrttffsl feHfefI<^fo the vrofd irapulfc, 
^ i«M:>44&^<^ )fi ^>i »ie«£i^4!he fpedss be pfay- 
'-fi^at/j^litlift 6f (br^^itatft invc^igatiflg the 

^%S dBfcf^d IbSfel^'-ift- «he defjftitiww. -fa 

* Wtftfe9n««ibs ■ WeTarc' ttSsHiveftigate ifte tliwli- 

» ^jtJtftttf'ujfxJA f)h^fifcfe#t'ik>hipaf«^*6fe i)fo^ 

* ^tfoBS-^tflJ the' ^tfflSte^Ha^^F nat^i^i'that 

%f li^ifibn '^ahd 8^«f» i<4ieafat»d ^SWiWJair than 
^Hi^atife«**s' defigA-^irf>«J»igfto«t : WsT/V/^f^iJi, 
Hitiffifife-feHft ift^hiaj'hfe*^^!*^' krti to-'Wwv- 
-dgfttSba? <ffcJherft'=ae3krg9i . ttiit Sfl< tW<it'a- 
4tf^ftc vwi'ffich Wrftftig-HA^. the ^J^^^^d/tha^t 


frearifebcm^ entire^ p^^pnjwric^l^ hfi\(f.^ 
mcan^'.'4efio«i /& ^ fr^ j^ ^Ufiof 
the i^rccs^ affumcfl, M fin?^? .ji^^ftipted 
their qualities or maUiematical proportions c^ 
the condmp}i% fupp^fedi^oTy in hi& own wojgi?^ 
^onfc^^cnt s^n tiie^ dat?f '^|i^ea^ ^M^?i^»? 
it was the fole obiedt o| ajnathematical work, 
inch as he had in hands, to determme the pror 
portions of the forces auumed i accprdins Xq 


words, the '^^ oj^eperaiion of tb6fe Forces. 

the 

* fliall, therefore, at pr^nt, go on to fp^ak gf 

* the motion of 'bo(fi/5s mutually attra^mgw^ 

* otheif, copudenng me centripetal forces as at'- 

* traftioris,V&i(fi^r£wi/. i» iipBj/tcalJlHihtcfi^ 
*^ /Ary ifMit ^^^i^ Vr«/y k ,c^Ud)mpt4/es. Battfielb 

* propofitionsf arc to be conuaered as pkr^fyma^ 


tbcmfltifdl 


^ phyfical cpn6derati<^ns; I make ufe of d'fltmi^ 

♦ liar way pf fpcakine)^ tp niake txiyfetf thfe more 

* ^^fily underfiood by ja fnathcmati^l readcrt* 

> • . . . , 
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^'^?^ fWb^M.lApki of fc friiicipi,-, 
^^0 H'^^ »*' '/^ «'. f,K,^fi,!ohs of 
- *™ ,«ol!s.7t;rs:eviamt.tlHt- Jhejrwj purdy 
ttathcmilicar; and 'pnly 'addD«<itoferroine 
?,'*':f^^.' *ffi'ih%1a K"'=lws,tht prol 

,'^'?^K„?*'""^|„lo'fol'= lt}= {?ha;nortcna of 

*5||ffi"??i'*'3!'<?!f'' WiJ.requent on the iijiidi- 

tf6nsoftjw'rorcj»,_tlif form? 6f the bodies, 

circumSances. of (Jie niediiiin given, 

'W f^i^tjon t9, or pomie_aii)n with the 

^'5 ,,?iift°fe£ '*'= cctitnpetal force, 
ft "'VfW'lion fuppofeS;' ; for I apr 
pealtoanii itiSfr to the de. 

nonflriftiqn i,jn .if ,1,5 ,ft 

*°!]k,' which fi^ijtny'js the 

''^J^iS^??'? :wiiKijifel rno- 

.'»n^ "n="l aw fucceedine 

-,.. -fr j,-?..t. Tiirnc.: .y * 

.?P>I«»<;Sn, ts Ae dcmon- 

.fe^fjif to J inV'whrch re- 

Jrjfe^tsjltt.i ipetai'Sorce, to 

iJsf ^ffjuceil ai5o>a!i,''inore 

J^tt, i{ ^eAn^e ,w^re (jroducecj by'atAi-tf from 
j^s'ithipjj ^U.thaj.js^eqei&ry, fo"r tfie truth of 
•;JS,^eijryJs, ;!)« whifi! !'the Vevoivtng body 
would have defcribed the" tangent of a Certain 
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;irch hj sneaxis of t^e^rc^dliic of.th^ysqpmd 
forcef, it be xiefleQf4 ffom that nght )}Qe b j 
fome force dirofted to the centre^ wl^^l^^r 4fr 
tr^r&ey or propuJJlve^ whoTe. <[fie£^ is :^xpFeire4 
by the verfed fine of - the arch defcrits!!^. .And 
It is foi" this reafon that our illuftrioiQi^uthoi: {if> 
often repeats the before dted obiervations ; 
that it ^as not in ^ pature of his works to 
afcertain the kind or maimer of forces^ but 
fimply their ratio^and the poiQt of tendency. 

In the 3d bbok'of 1^ PHncipia, indeed, our 
author lio longer coniii^ea himfelf to.fpvre ma^* 
dicmatics ; but begins to take a view of the 
phsenomena of nature/r i^ prd^r to - det^rnp^inet 
"whefher &e forces before ^athematicaUy af* 
fumed and 1:0m puted, really correfponded with, 
thofe phenomena;. ,He finds, in fad, jtbati the 
laws -and efFe«9ts of the ccnuipetal forq^ juft 
mentioned, really obtainvim natqre, and.ffQO^ 
the 6ileftial appearances educes three piimary 
propofitidhs, fo w//, that the- forces by which 
the circiimjovial plahefts ^rer- continually drawn 
oflf'from^ reftilineal • motions and retained in 
their proper orbits, tieftd to Jupiter's centre, 
and are reciprocally as the fquares of the dif- 
lance of thofe planetr 'from that centre^— that 
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^e 4kiieeSy whtdt retain fhe primary i^nets^ 
tend to the fun, and are in a Kke inveiCe di^li^ 
cate ratio^^and that the moon is retained m her 
orbit hf a like force rdfe<!Ung the earth a$,4sen- 
tire— in (hort, that the/orn?, whatever he its 
nafure, which retains ali the plan^; whether 
primary or fecoadary in their orfants,. qb(eives 
the laws of the eoitripetai force icoiiiputed in 
the preceding bocks. And in tht tfai:ee fol* 
lowing propofitioins* be ihews, th$t this cpntri^ 
petal force muft be the fame with gravity, where* 
by bodies defeeod: lo the oirth;: and,thfnce 
proves, that there is a pawfi^. of gravi^t^i^ng 
to all bodies propartional to their feyeral quan* 
titles ai matter, . fiyripeanspf whicli .power, 
throughout the remainder of biQ elabpiate work, 
he gives mathematr^ feJliitionfl of mwy pf the 
Hioi^ difiicuk andcurtbus'alljconomical ph^eno- 
mens. &ut wbai . ibis gr^avity isy whether it be 
an attraidti vc powerr bodies .are ei^dawed ^itb, 
or a foreign impulie exerted upon tbeni,:he de- 
cides not, nor vmx es;^iTiines. For np.fingjie 
problem or theorem is i^dduced throughoyt all 
Newton's wprks for dejtef mining the ftflturty the 
refedsnce^ or m^ ofope^mm of this.po\?er. On 
the contrary, he always acknowledges, hin^felf 
in doubt and ignorance with regard to thi^mat- 
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ter ; infomuch, thdit afler finilhing his principia 
and his optk^k«^ he declare$ that what he called 
attraftbn might in reality be impuifion. His 
words arc thefe (fee 31ft Q.) ^ What I eaftat- 

* f radtion may be performed fey impuffe or by 

* Come other taufc imknowfl to me. I ufe the 

* word here to lignJfy only in general any force 

* by which bodies tend towards one another/ 

And:henoeit is that thofe writers, who exa^ 
mined maturely and rightly comprehended 
Ncwtotffl . works, have not rcprefehted attrac*- 
ttohasat:aufe of pbsnomena^ but as a word 
expreffirtgihCpbanorocjiohicf tendency itfcdf, 
the law :iof;- which tcndcncjr is computed ^by 
JSTewtQc; " but its caufe not fifligned/ *;Itf i^s 

* very nnceafoirabie, faysDoftorClark, ([x 53^ 
^'to caH attra^'ion a mirac^ and an nopbilofo* 
^phical tcnSn^jafter it has faeen To ofteandiftinff- 
'* Jy declaucd^jtbai by thattldroi nrcdo riotxxieah 
!^ to exfxcfis tbeicaafeof biDdiesfteading towards 
'^ each'OthcflJ Ht barely tbeifiSejJt of this caufo, 
:♦ or the: j[Jba5n<i>r»ieaon itfelf diTcovcred.by exp©- 
^ ricnoe, > whatever be Dribcfiiotthe cauie of % 

* Gravitation tor attraftioii in this fenfe is an ae- 

* tual phaehomehon in natufec' The feritttnfents 
.of Mr, Routing • another emiilent^ Newtonian, 
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arc cMftly ihe ftmft- . ^ It is; to be abfervcid, 

* fay« he^ (V. ift; p. i.7),,ttet when we ufe the 
^ wrord attradtipa: pr gravitation^ we do not 
^thereby ^ciin'raiireAe phyfi^^^^ it^ as 
*|f it proceeded froin.fpine fupgpfed occult 
> quality in :bod>es^ but; only u^ii|tefe tertns 
*,tofignify an cfFeft^the c^ufe ^f. -which lie^ 

* out of the i^ch. pf..our pWlgg^phy.^ 'And 
Monf. Maupertuls, the French aqademician, 
vho is certainly no tneart interpreier of Sir 
Ifjiac Newton's meaping, makes ;-tlfisi dtelam- 
ttoo; in : defence of attraaioh. i' Mcti^s Jtalnds i 

* haye greatly revolted at t|ie vwdrd attra£tion, 
5;inahy were afiaid. that -t hey, (feimy'^ 
^.doCkine of occult qualities revived in natural 

* pbitefophy. Butcto do juftice to- My* New- 

* ton, he never confidered attradl:ion:as an ^x- 
*;|>lanatibn of fihe igravity of bodies towards 
*.i^cb other. /He has often temarfccd 'that he 

* uled this term toiigl)?ifijr an fcfFd(3tijot,ajcaufe.* 
vNevertbelefs, mod of our ptGfedt authors ahd 
.teachers^ -tho' profeffing to dertvi &V5fn isfewioh 
all'AhOT'philofophical tenets, and m deliv^rtht 
genuine knowledge 6f the Newtonian Tyftcm, 
fiot: pnty determine the mode of ^operation, of 
-that . ^ttrataion, ^vhich he i left nnfcttkd, bift 
,«Jfp.ereft into a natural, caufp a phenomenon, 
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trhich Newton judicioufly treats -as an tffe&i 
the caufe of which he declaires remained ftill ta 
be difcovcred by experimental philofophy. 
There are, fays he, (Opt. p. 3(590 agents in( 
itature capable of making the particles of mat- 
ter ftick together by very ftrong attraftions^ 
and it is the bufinefs of expiertmental philofo* 
phy to find them out. But this was a branch 
of fcience our renowned geometriciifin dkl not 
much cultivate, except in his optitks alone, 
where however he was far from cbrtficlering his 
phyfical principles as fufBciently proved, for he 
Concludes by propoflng thefri as queries and 
fubjeA^ yet to be inquired into arid determin- 
cd. It muft be allowed indeed, that many of 
thtf more modern writers, in fpeaking of at- 
traction, adhere to tlie fenfe of Sir Ifeac, which 
is accurately diftingulflied. by Dean Hamilton, 
in his leftures introductory to naturail philofo* 
phy (p. SSX * Though thd beft philofopherS 

* have agreed in calling thcfe fofces by the 

* nanies of attradtion and rejiulfion, yet they 

* intend thereby only to denote ceMairt caufcs 

* or powers, whatever they are that produce 

* wellknov^n effects riot toexprefsihc nature of 

* thofe caufe's, or the mariner in which tbey operate, 

* And as there is a manifi^ convenience m 
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^ having names for ihefe general caufes whiciv 
♦. ttiuft be fo often, mclrtioned, to obgeft to thcfe 
^ ivords is but difputing about names without 
^ confidering the proper feafe, ia which thefe 
^ words are to be taken } for we may confidcr 
^ ifaesfe words till their eaufes are found out^ as 

* powers ttnd qualtties, with which bodies have 
^ been endowed for earrying on the operations 

* of tiftture/ 

This writer difcovers a penetration, and at 
the fame time a modefty. conformable to the 
fpirit of Sir Ifaac Newton, who never attempt- 
ed (like fome of his unflcilfall followers) to im- 
pofe the word or idea of attraction on the world 
for a real caufe; but propofed it barely as a 
diftindtive term to mark the ohje<5t of our 
fenfes, and fervc as a datum for mathematical 
calculation. For until the caufe of the phaeno- 
mena is difcovered, it is of great ufe to employ 
a fubftitute, tho* but ideal as a bafis for geome- 
trical operations. Nor can this produce falfe 
conclufions, as the term is confined to expreffing 
the force whereby bodies approach, without any 
regard to the^eal agent or mode of adtion, 
whether it be that of drawing or impelling, no 
more than the aflumption of ^ to defignate an 
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unkiiown number, dr the iMng fouditcan ren** 
der the algebraic operation erronebus. On the 
contrary^ this facilitates the procedure, and 
whenever the rc^al quantity is found out, its 
value may be fubftitutcd in any ftcp of the 
operation/and whatever was true of 91 while the 
quantity was unknown, . will be alfb found true 
of it, when difcovered and determined. So alfo 
whatever ratio, coitputations, or geometrical 
properties are now found applicable to the idea 
of attraction, will be true, of its mechanical 
caufe^ whenever it (hall be difcbver.ed. as we 
have partly feen in the preceding feftipn. 

But a great advantage attends f he . ac*- 
knowledgment of the true import of this fi(^- 
tioua name ; for it marks the precife bounds 
of our phyfical knowledge, ihews where the 
imperfection of our prefent fy Aem lies, opens a* 
vifta, and excites the emulation of minds ca- 
pable of fuch inveiligations, to fearch out the 
latent caufe. And this was precifely the date 
Sir Ifaac left philofophy in ; for having given 
full perfedtion to his geometrical works, he 
pointed out the defideraia, t^at then remained 
for the perfeftion of philofophy, by propofing 
all his phyfical principled as queries^ and giving 
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his own conjedtures concerning themt to be 
confirmed or corrected by future philofophers. 

tAThat has been here faid is fufilicient to rectify 
the conceptions of iluderits^ who are feldoni 
aware of tfie tfue and flridk import of the fun- 
damental principle of the philofophy they are 
learning ; it will alfo ferve to filence the cla- 
mours and remove the apprehenfions of per* 
ions more deeply teamed, but ^ho ^ve often 
more oi^ zeal than difcernment in their pliilo- 
fopUcal tenets ; and finally, it will illuftrate th< 

defign of the following in<)uiries which are in- 
vefti^tions of the real and univerfal caufe of' 
ittra£tion in all its various branches, to wit^ gra^ 
vitation^ cohefion, elcftricity, Stc. 
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S E C T I O N III. 

Attradtion, with thbfc who Tre^t it asaCaufc^ 
is a Principle confufed and obfcurej^ ani 
without any real Foundation Jn Nature. The 
true Principle of ail Attradtions inveiligt^tcd 
and determined. 

CERTAINLY cvefy one will allow that 
an univerfal power, reprcfentedasthp fole phy- 
fical agent and itiain fpring of the planetary 
motions, and of every other mechanifm in na- 
ture, fliould not be paffcd over carelefly, not 
taken on the word of any author, for two 
great reafons: ift, becaufe its importance in 
nature (hould render it a chief objca of phy- 
fical inquiries; adly, becaufe its univerfality 
throughout all parts of the creation fliould 
render its exiflence obvious, and its nature dif- 
cernible in the moft common occurrences and 
mod ufual opperations of nature. We will 
not therefore be content with ingemous con-- 

VOL.II. S 
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je£tures, far-fetched experiments, or obfcure et^ 
planations of this principle. It is not philofophers 
we muft confult, but nature herfelf ; and let her 
anfwer, not m the forced language of particu- 
lar experiments, but in the fpontaneous rejports^ 
of conim6n experience. We (hall confider 
indeed, what conception of attraction philofo- 
phers form ; but we (hall not flop here, we 
(hail inveftigate the notion which nature herfelf 
authorizes us to conceive,^^ and really imprefles 
in her known oppera tionsi 

Mr. Martin, whom we quote as a compiler of 
the beft authors on phyfical fubjedfe,and there- 
fore a proper voucher for received te/lets, gives us 
the M6wing idea of the Newtonran^ttradtion, 
(Phil<3S. Brit. vol. r. p. tg}, * Hence we have 
*tiore^f6n to doubt, but that all kinds of at- 

* traftibn confift in fine imperceptible particles 
^ or invifible ef9iivia, which proceed from every 
^ point in the furface of the attracting body \w 

* all right fined diredtions every way, which in' 

* their progrefs lighting on other bodies, urge 
^ and folicit them tovvardis the fuperiour attrad!t- 
f tng bpdy. Therefore, the force or intenfity 
« of- the attra^ing power in general muft zh 

* ways deaeafe as the fquare of the diftancc 

* iaopeafes.^ Mr. Fergufon, in his aftroiiomy,. 
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propofcs other ideas of attraftion. * Gravity^ 
he fays, (p. 59), feems to arifc from the agen* 
cy of fome fubtile matter, preffing towards 
the fun and planets, and adting like all me- 
chanical caufes by contact. But on the other 
hand, when we confider that the degree or 
force of gravity is exadtly in proportion to 
the quantity of matter in thofe bodies, with- 
out any regard to their bulks or quantity of 
furface, adking as freely on their Jnterjial as 
their external parts, it feems to furpafs the 
power, of mechanifm, and to be either the 
immediate agency of the Deity, or efFcCled 
by a law originally eftablifhed and impreffed 
on all matter by hirii. But fonie affirm, that 
matter, being altogether inert, cannot be im- 
preffed with any law, even by Almighty Power j 
and that the Deity or fome fubordinate intel- 
ligence muft therefore be conftantly impelling 
the planets towards the fun, and moving them 
with the fame irregularities and difturbances>' 
which gravity would caufe, if it could be 
fuppofed to cxift. But if a man may venture 
topubliOi his ovfn thoughts, it feems to me 
no greater abfurdity to fuppofe the Deity ca- 
pable of infufing a law, or what lawsHef 
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• pleafcs into matter, than to- fuppofc him ca»- 
f pable of giving it exigence at firft/ 

Without confulting any other authors, wc 
have here four conceptions of attraction diftin£t 
from each other, and entirely fubverfivc of each 
other. Some v^ill have it to proceed from aa 
imperceptible efSuviuiil which bodies throw 
forth from every pore, and thereby catch hold 
of other bodies and draw them m. Others thint 
the pha^omena of attraction proceed from the 
impelling force of (bme medium tending to the 
fun, planets, and other bodies ;. and this idea was 
not entirely rejedted by Newton^ though few 
of his followers feem to relifli if. A third clais 
c^ philofophers rejeCl all fccondary caufes of 
attraction,, and difpenfe themfclvcs from the 
trouble of explaining its caufe, or inquiring 
after it, by affirming it to be a law originally 
Hamped upon all matter. And the ingenious 
writer alluded to by Fergufon, in his inquiry 
into the nature of the human foul, confiders 
fuch a law as intonfiftcnt with the incrtriefs of 
matter, and therefore will have every adion, 
motion and operation of matter to proceed 
from an immediate interpofition of a fpirittial 
being. How obfcure therefore and compllcsat- 
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<A is the prefcnt philofophy, when viewed in % 
lAiyfical light ! The learned and the ignorant 
equally know that thepe is a mutual tendency 
between bodies^ which the learned ilile attrac- 
tion, but as to the caufe of it, which is the ob* 
}t£X of philofophy 9 they are equally m the dark. 
And after the ftudy and labours of fo many emi« 
nent phiiofophers as wrote .on this fyfteno, Co 
great is the obCcurtty of its phyfical principles^ 
that it has not All this time been^ determined, 
whether the moving forces art£e from an att* 
trading cfflavium or an impelling medium, 
whether they be mcdianlpal or preternatural, . 
material or 



We agree with Fergufon, that it is an ab- 
furdity to deny that the Creator of fubftances 
could give powers and properties, /. e. laws 
of adtion to matt^ , which otherwife would have 
been inert. This is evident from fadt, for 
ihefe* active powers exift in matter, therefore 
they were imparted to it by the Creator. And 
the poffibility of it may be deduced from the 
principles of him who denies it ; for that author, 
who excludes all a&ive powers from matter, 
is obliged to explain all its actions and motions, 
^ther by.the interpofition of the Deity or of a 
firfwrdinate fpirit. Now the fpirit fuppofed 
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docs nbt crftainly produce the prefcnt motion 
of matter by touch, but by an efl&cacityof 
wiH ; but it appears no more repugnant that die 
Villi of ft fpirit (hould produce adion or motion 
of inert matter for a length of time^ than for a 
fingle inflaht; diereforc the Omnipotent WiH 
of the Creator at lead might at the Creation 
have determined . matter to an a£tion and pro* 
penfity, while the world was to exift. But 
indeed, to iay that matter continues inert, after 
fucb a law of a£lion is im'prefled on it, is what 
implies the abfurdity, for it is contradidtory 
that matttf (faould be invariably determined to 
a certain mode of action, a[nd endowed with 
a power not only of moviqg but of impelling 
other matter, and at the fame time be indiffer- 
ent to reft or motion. 

The univerfal tnertnefs of matter, is a prin* 
ciple derived from the atomic philofophcrs, 
which more modern pMioibpheFs now apply to 
their particles of itiatter ; and this property of 
iiieitnefis being allowed on all hands becomes 
a iiKed tenet, and enters into mms idea of 
mutter; whence perfons reared in this perfua- 
fion look upon aAivity as inconfiftent with the 
nature ^f matter, and affirm, that giving aCli- 
vity to matter is rendering it fpirit. But this 
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prejudice is bptfo fgib and inconfiftent. It is 
rafli if it be not clearly founded in eithfr rea/oH 
or experience ; and it is inconfiftent if it be con- 
m^iSttd by either. Nqw, hpww^r philofo- 
pb^r^ m^y difpute 9bg^i in^^ate id^a$ of God 
or of morftl precepts, they m\\ fcarpily pre- 
tend that we ha v^ any mnat^ idiea of nifttpf, 
of which, nptwitbft^ading the nCp of pur fciifej^ 
they cpnf^s w-e bayf a very in^^equat^ ideg. 
Confequently^ cb/^ ini^rtQefi; ^ ma^er is mt 
founded in the light of reafon. E^p^kni^ thm 
is to determine Ae ppint, Npw, frpcj^j ei^peri^fy^ 
we know that the flatne pf a ^sndle, 9f &? , pf 
guapowder, »»d the light of the fun^ h^v^ ni^t 
x>nly a^iftiviiy in ih^m^ bwt fupb lP9|y?r of fi^jpp 
as eKcitea motion in all pther kind^ €^ bpdy. 
And light is ^ nmm^l f^^ft^u^ce, f>n<;e it affq^ 
our corporeal organs, is firf^jea Jo rcfle^Slion ^p^I 
^efrafllion f^om other msitter, and i^ ^ trangfpi:- 
raation of grofs bodies ; th^reforp fpoie iijajwr U 
jad^ve. The aftiyity of matter '^ ecji^alljr fca- 
iibte in fer/»entajtipn, ve^atipn, Sec. in fine in 
all operations of nature, for which foe Lei^. ^t, 
part. I. Therefore experience, far from au- 
thpri2U)g the uqiyerfaji inextne^ of .n*a^r, 
proves it fajife «id inconfiftent ; and as for re- 
velation, it i^ no where its obje6t to inftr\i(^ 
men in the properties of n;iatter, nor do I know 
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any paflage of fcripturc which afFords proper 
grounds for adopting this tenet. 

One thing which contributes to confirm men 
of learning arid abilities in an obftinatc adhe- 
rence to the principle of incrtnefs, is -their pious 
•pprehenfions for the fpirituality of the foul, 
joined to a ftrong attachment for their early 
opinions. But it feems ill-judged to make the 
fpirituality of the foul and the incrtnefs of mat^ 
ter embark in the fame bottom ; for the incrt- 
nefs of all matter cannot fail of being doubted 
and rejcAed, and if united with the fpirituality, 
would diminiih its certainty ; whereas, if pro- 
perly treated, the fpirituality of the foul is inde- 
pendent of the incrtnefs and adlivity of matter, 
and fupported on the mod unqueftionable 
grounds ; for the powers of rea/on^ felf-eonfci- 
mfnefs^ refleaion^ and ekSlion are found the more 
jnconfiftent with matter, the more we under- 
ftand its aftivity, and difcover the fimple pre- 
determined propenfity, with which alone it is 
endowed. 

Since then the univerfal inertnefs of matter fo 
cmbarrafles philofophers in accounting for the 
operations of nature, why fiibuld they longer 


AND ATTRACTION. His 

infift on that torpid qxiality ? For in reality the 
.tenet is inconfiftcnt with nature, unlefs fomc 
powerful intelligence be fuppofed to attend and 
adtuaXe each body. The flame of a candle^ 
and every flame in the univerfe has a power of 
throwing forth its light and heat on all fides, 
which we call expanfioh. Now, would it not 
be more confonant to phenomena and to rea* 
fon to allow it not to be inert, than to fay an 
intelligence attends and a^uates every candte 
and fire in the world, or even thofe of each 
town or each province I Or, if it be faid that 
the Supreme Being actuates all by his univerlai 
influence and providential care, muft we admit 
a reiterated acl of the Divine Will for every 
fpark that fpirts from a fire, for every body 
that falls to the earth, and for every inflexion 
a planet gets in defcribing its orbit. Indeed 
that man, whofe foul is the image of God, and 
who is by nature conftituted Lord of the Crea* 
tion, fliould be under the guidance and direc- 
tion of a fuperiour intelligence; that provinces 
and nations (hould have their protedling fpirits, 
and even that children (hould have guardian 
angels appointed for them on entering into 
the world, is as conformable to reafon, as it is 
authenticated by fcripturc. For all thefc be* 
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ing ifioral and freer agents, are to be influeoced 
and aded upon, not by the rigid necefltty of 
unchangeable la wa, but by the convi^ion of 
reafon or the incitement of .defire. But matter 
or body, being incapable of election, is invaria- 
bly fubje(^ to the phyfical propenfity originally 
ftamped upon it by the Creator's primitive and 
eternally efficacioui will. To fay that every 
fpark that ilTue6 from a fire, that every body 
that falls to the ground, &:c. is influenced by a 
fubordinate intelligence, or by repeated afts of 
the Divine Will, ie unphyfical and derogatory 
of Divine Majefty ; becaufe it is c,ontrary to the 
proofs we every where behold of the univcrfe 
being regulated fay ^reat and fettled laws; 
and fuch trifling a£tfi (according to the coni- 
ception be has given us of a Wife Proi'idence, 
land according to the uniform efFe<5b5 of it, which 
the univcrfe difplays) arraign the Divioe Wif- 
domand Power, which could u eaftly form the 
great and univ^rfal fprings of nature we h^ve 
nientioned a$ form m aninjal or inie^, (See 
Le^urc i). la it jfK>t confident with the 
infinite Majefty, Power aod Wifdom of the 
Deity, to have given one imcbangeabLe arid 
powerful faculty of a^ton, v\z. expanfioii to 
to the %ht be created to enliven and aAuai$ 


AND ATTRACTION, 267 

ali other matter, and be a mean fpring in na-^ 
ture's operations ? And as this diffufive principle 
alone would be deftruftive to nature and inca-' 
pable of performing her various operations, 
was it not alfo confonant to Iiifinite Wifdom 
to have created another principle of oppofite 
cflence, to w//, convergent, fo vaft in quantity, 
and powerful in agency, as to counteradt the 
former, and anfwer all the purpofes of nature, 
as defcribcd in our 8th and 9th Icdures f And 
in the third place, is it not more conformable 
to the pivinc Oeconomy difcovered throughout 
nature, to (uppofe, that the Creator hath formed 
the firmaniiei^t or frame of nature to bind and 
compact the great machine of the univerfe, 
a^luated by thcfe two great fprings'of aftion, 
than to have left the bodies of nature difperfed 
thro' an infinite void, without a material link 
of union, phyfical priticiple of aftion, or any 
mechanifin except geometrical laws and ratios, 
which are mere modes of motion, not caufes? 

As for the other dais of tbofe who infift that 
the planetary motions and all the pbasnomena 
which arcdieobjeftof philofophical inquiry ,arife, 
not from the inflrumentaiity of material agents, 
but from the force <rf an abftrai): law, Ihey de- 
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part from all analogy, account for natural ciFc£l$ 
b^ mctaphyfical ideas, and inftead of fcarching 
after real caufcs^ banifti them out of the uni- 
verfc^ and feign a fyftcm cither to favour their 
ioddencc, or covfa- their ignorance of real 
qaufes. To fucla a fyftem as this the remarks of 
Sir Francis Bacon feiem very applicable : * Aftre* 
nomy (fays he, Phyfics, Sea 4.) is now like the 

* facrificc Prometheus would have imppfcd on 

* Jupiter^ $0 wis J a fair large hide fluffed with 

* draw, leaves and twigs, infteiad of an ox. So 

* aftronomy gives us the number, fituation^ 
^ motion <and periods of the ftars, as a beaudful . 

* putfide of the heavens, whilft the flelh and 
^ entrails are wanting, that is, a well fabricated 

* fyftem,or the phy fical reafons and foundations 

* for a juft theory that ftiould not only folve 

* phaenomena, jas almoft any ingenious theory 

* may do, but fliew the fubftance, motions, and 

* influence of the heavenly bodies as they really 
' are. — ^Enquiries of this kind have hitherto 

* been fcarccly touched upon, but the chief 
^ pains have been bellowed in mathematical 
^ obfervations and demonftrations, which Jn- 

* deed may fliev/ how to account for all thefc 

* things ingenioufly, but not how they adkually 

* are iii nature/ Even after all the mathema* 
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tical inveftigations of Sir Ifaac^ fuch was evi- 
dently the date of philofophy, as we have feen 
from his own declarations^ for he confeiled 
himfeliF totaity unacquainted with the phyfical 
caufe, or even mode of the agent which he fup- 
plied by ifae aflumed idea or name Attraction. 
How little his followers have improved on bis 
labours^ appears from their various sfnd dif* 
cordant conceptions of attraction. Indeed 
there is one thing that feems to give a great 
fandion to this ideal phiiofophy, ro wit 
that gravity is in proportion to the quan- 
tity of matter in body, and not as its 
magnitude or quantity of furface. This 
they confuler as irreconcileable with any me- 
chanical caufe, and therefore, without further 
inquiry fit down content with folving all phae- 
nomena by original laws. But there is great 
difference between a thing being impoflible and 
being unknown. And, while fo great a part of 
nature as falls within our knowledge is regu- 
lated by the raoft fublime and beautiful mecha- 
nifm, our ignorance with regard to gravity 
fliould not authorize us to pronounce it mira- 
culous or immaterial. But this defideratum 
(hall be phyfically folved, when we come to 
explain gravitation^ and confequently the fole 
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foundation of this opinion removed. We have 

now to confider the two opinions which aloncf 
attempt to aiSgn a material caufe. of attra£tton,^ 
or render its mode of operation intelligible, ac- 
cording to phyfical principles. 

Attraftion ought to mean, and, as we have 
feen, really means in the general acceptation of 
philofophers, a fucking or drawing power, 
whereby bodies mutually approach, if at a dif- 
tanee, and cohere, if in conta<St:. To fix our 
ideas and illuftrate the fubjeft, I iiiall lay 
down two examples that exhibit the ap- 
pearance of natural attraction as flandards to 
refer to. Aniiftals have a power of infpiration 
and fucking, which proceeds from their being 
furnilhed by the author of nature with a well 
contrived recipient,equipped with proper valves,- 
and from their being endowed with a power of 
contradting and enlarging its dimenfions, or of 
qccluding its contents in order to replenifli it 
anew. To draw in air, tha lungs, whicli arc' 
then the recipient, are dtftended by an expan- 
five power peculiar to animals ; and thus a va- 
cuum being formed, or at leaft a fpace where 
the air is not fo denfe as abroad, that' fluid is 
preffed in by the fuperiour preffure of the at- 
mofphere* The drinking or fucking in of any 


r* 
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other fluid is alfo performed by the fanie op>e-^ 
ration^ which is reducible to two parts, viz. the 
power of the anima;! to diflend the recipient^ 
and the tendency of fluids to an equilibrium^ 
whereby thfeir parts - are preffed into vacant 
fpacea on account of the inferiour refiftence 
there experienced. Td this fltandard'we muft 
refer tht fucking of Wood- by a leech, the drink- 
ing through a tube, the raifing of water in a 
^ump^ and i;n*any mother inftancea which it 
h unneceflary to cntirtierate. AH that requires 
to be remarked is, ift, the neceflity of a re- 
cipient with its apparatus, and of a p)ower of 
diftcnding and con'tradling, or opcninjg and 
fhutting,' which is common to. animals, and 
which in the pump is fupplied by an artificial 
contrivance and an external force ; all whicK 
only fcrve to form, as it were, fome kind of 
vacant fpace for the fluid to flow into ; adiy, we 
mufl: take notice, that the rife or entrance of 
the fluid into the recipient is not occafioned by 
a drawing in the recipient, but by a preflure 
of its own parts, or of feme other body or fluid 
Whicfi adts on it ; and laftly, that the opera^ 
tion muft ciafe as foon a§ the recipient is full, 
lanleft it has a power of e*duding what is 
itoken in, or eondcnfirig it Into a linallerfpace, 
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f:> as ftill to leave room for more. The for-^ 
mer is the cafe in breathings or in a bellows, 
which drives through the pipe what it takes in 
at the valve ; the latter i$ the cafe in the air- 
gun» and where neither exception takes place, 
as for infiance, when a leech is foil, attra^Hon- 
ceafes, and the creature falls off. And all ani- 
mals ceafe to drink, when thehr bellies are full, 
except fuch as pafs it as fail as they drink 
as the bellows do the air, or the pump the 
water it raifes : and this is one general ftandard 

« 

of attraction. 

I (hall now ^ve a fecond : Seeing once a 
number of fpiders on a dry bank, I rcfolvcd to 
be convinced of the great power of projedting 
their threads, which I had heard attributed to 
thcfc infcdts. * Fixing therefore my flick in the 
central part of a fmall pool, with an inch or 
two of the head over water, I placed a fpider 
upon it. The creature walked round the head 
of the flick down to the water on every fide, 
and up again, but not finding any dry paffagc 
over the water, heat length fettled on the top, 
and projedled a thread horizontally toward each 
fide, thcfc not coming to the brink or lighting 
on any thing they could ftick to, he raifed his 
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bomb to various elevations, and difcharged his 
threads in every dfte^tion. At length, finding 
the ej^tent of his difchafges greatly to decreafe^ 
I concluded his poWer was almolt fpent, I there-^ 
fore held a fwitch at a moderate diftance over 
hitn, which he perceiving ere£led perpendicular- 
ly and (hot fbrrie threads in thift direction. I 
think it Was the fecohd or third, which caught 
the fwitch, and adhered to it fo ftrongly as to 
bear his weight. Immediately Ke ilfcended far 
more nimbly than a failor by a rope, and in a 
manner ht more ftiallerly $ for he reeled up his 
thread accordingly as he liiouhted; when heg^of 
to the fwitch, I landed him fafe^ 

If now we carry our vlewS thfotigliottt ad 
ilatute, vtre fliall not find one fmgle inftance of 
drawing or attra£lion, which is not performed 
by the mechanifm difplayed in thpfe two ex* 
amples, or one immediately c^efjtondingi 
I do not mean by inllaiice a remote phaeno^ . ^ 
menon^ nor an obfcure experiment, which is not 
underilood, I mean a fa£t or opieration diicerni'' 
ble t6 fenfe, urider the eye of experience and 
cionformable to the conilant laws we fee naturtf 
obferve. Nay, if men's minds had tiot beeii' 
blinded by a prejudice for myfterioUs tenets, of; 

VoL^II. T 
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led aftray by mifcpnceptions, any mode of at« 
tradkjondiflerentfrom thofe would have been con* 
fidered as inconceivable, phyiically iiTifx>iIible^ 
ot repugnant. Let us examine our ftandard3* 

Sudkion, or drinking, is one of the known phas* 
nomenawhich gives the cicareft ideaof attradtion. 
But m both,, according to what we fee and feelt^ 
and according to the unanimous voice of phi^ 
lofopheis, there is rK>thing, except 9 mufcular 
exertion of clafticity to form a recipient and a 
prelfure of fome fluid into the vacated fpace; 
The ignorant, indeed, imagine that there ig 
fome power in the throat of drawing in air, wa- 
ter, 2cc. but thofe, who have received any tine* 
lure of philofophy, know, that in drinking the 
Ii({uid, being raifed above the throat, and then 
poured in, fails into the (tomach, as it were jnto 
a^Yaquum, both by it's own gravity, and the 
preSure of the atmofphere. Air alfo is mfpired 
byltso)vii preflpre, when the lungs rarify or 
exclude what they had taken in before. By the 
fame principle the fire apparently draws the 
air, which is preiTed into it, when what was be- 
fore contiguous is rarified or confumed, and the 
cjapfMng glafs apparently draws the part of the 
body to which it is applied, tho' ia rcafity that 


/ 


l^rt i$ preflfed into It .1^ , the ^M^if ; P'^l^^ii?!?^ 
within^ ^heij the air in t^<?,^|afjr 1$ m^}^ 
Kanp^e. In Jllort^ ilt all thesis. in(^(9^ ft Tnfr 
chanical ot fgndxttiiiig caUf<B[ a^J^F^ tof 4<ilFay 
^9t univerfal b^Igi^^ej in wh|c^ Qiijy thjc ps^rtff 
of jtbfrfgfne 0uid canreflfc* ^s the gr^aj .ai^4 upir 
terfal principle of ^ni^on in them, ^4 /if? ^^ 
fpccies pf attfaeiicin i and ^herf forft, j^o ,.bpdy 
can . be ia?d tosittrafi ip-.^ijiSj m^ji^, but f 9c|i 
11$ is {Midowed withH fywv^t of rarlfyu>g ja fpaoe 
by rejJe^tedly cDrnpreiTij^t edccluding, or con- 
fuming Whit it there! r^ceiwfiijl order to mateei 
room for more ; and then tfee motioflt thai wt 

fues jr^aAIy arifes from pteQiio9> ^. .; 

- - ' . . • • . . . 

• ■ • • ■ ■ . -^ ' 

In., the other jftandar^ the v^liole .ppe<iatfipri 
jras J^^rfojrmed by ar firni Bnk of .union, be- 
tween tjfciif j^r^wing apd"drawi;i bodies, ^od thg 
JtlaftiQk , exertions pf ,the rnembers and body f^f 
the injfc^i $|i which werc.fo iieceffiiry for thc.cf- 
foS jpxpdviced^ that without thefe caufcji, fft 
tritbj9}|t my one of them, vihc effedk would J?el 
Ju^y 'fft^?*^ * miraqle,. tliat is, cpjttr/Hrx fio 
the ^iipwn laws and ufual ppera^ns of cn^tHt^j 
I?or it ;is. ^ r&p^^^^Ltto.oti^,JilUM 
iie»s pf^he powers ^f wrtjire, tb^tsa j^j^r 
fl^>uld j>uU Hmfetf up,.Qr<^aw 9 #%nilJlim^ 


> 
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tbWardff hliii witfrout i rope" or link, arid witb^ 
out bodily exrttiotis, i$^litils tliac the fame mati 

fihSbld f»6ve Hf mountaiii by (pdiking to it, or 
^alk^^ft 'V^ater; ^hich a£ts and operations are 
fopfcrAatufii!. If therefore analogjr Be of any 
height in phyfick», Mre iAuft conclnde there if 
no drawing throughout the uiiiverfe ijirhich i» 
not performed by hnks^ grqfpmg and fnufcuhf 
extrtionSy -ot by a recipiem and prejftve medium^ or 
at leaft by a naechanh'm ultimately coinciding 
trith thefe. And this conclufion is not only 
eilablifhed oti analogy^ but eonfirrhed by the 
Bght of reafon. For if we look intoouf own 
ideas^ it is in vain we (hould endeavour to con- 
ceive a drawing withom hands, links, 8tc. or a 
fudtionp witfeotif lip^^ lungs, valves, of a ran* 
j/ fying power*. We may itideed, by abftraaiofi, 

as Newton ha^ don:e throughout hii works, at- 
tend fofefy fo the apj^cfach of two* bodies, 
ivithout confidering the ealife ; bttt if we iiha- 
gine a drawing d concoitiitatit^ arid neceDaiy 
mecharilfrti will' iinmcdiately prefent itfelf to 
thi Wiirtd. Therefore; to attribute f ueh a power 
of drawing to luafter, w^ich at the feme ttrte 
ft fuppofcd inert, ii a conflradiaion j fince at- 
' tradlibn or' drawing fuppofcs conftant adion. 
ymA is the revcrfe of incrtnefs; and tfe/ 


matter was not inert^ fuch a power i«(ouJd }» 
inconfiftent with it, unlefs each ipartj^J/q (Were 
fiirni(hed with lips^ lungs or valyrs for/To&iopi 
and a. power to rarify^ or elfe equipped with '^ 
hooks or fingers to d^aw by, and a power of 
diftending and eontradting them. How Arai^ge 
then, confufed and incQnfiftenjt the otHniQli/s of 

feme writers on philofophy ! , _ . 

• 

If the fpider we hare mentioned could (hoot, 
his vifcous fubftance from ev^ery part round 
Us body as conveniently as he does from one, 
and could again reel up the numberlefs threads 
he had thus emitted, it would enable us to form 
fome conception of the firft opinion confccrn- 
ing attraction, io ubit^ how an attradlipg body 
emits its effluvia from every point in diverging 
rays, fo as to catch diftant and neighbouring 
bodies and draw them to itf^elf , and alfo how 
contiguous particles or bodies by ah iidion of 
tills kind might firmly cohere. But, ^ven did 
animate nature afford an infiance of attraction 
at once fo wonderful and fo favourable to thiit 
theory, would not a philofopher be defervedly 
laughted at, who would attribute fuch an ex- 
traordinary power to inanimate bodies, to eve* 
fj (tick and ilone^ to the earth and to the fun ? 


H8w prbdigious Thdulcf be • the ppwfei* of th^ 
ftntd fkbpdm attriaivb cfHuvjum' Vb Jupi- 
t& and Bijitarh ! H6>Ji^'teRaciou6 and c|fet)re flioulc} 
tSSh «fB^vranil)e toWlc^uch tfbdtes at'thpfe 
ihtAtMt d\^ittccs^ tb ctirb their cer)'irifugat 
^«»fW?^, arid td kefcp them within thqr rc^ 
fp*(aivt'dfbite ! h Aohe Whirled in a (ilrig hai? 
H centrifugal force proportional to its velocity 
and jgij^tity, of matter, to which the ccntri- 
|5ietal force, /. <. the ftrength of th/5 ftriqg muf^ 
be equal j .v^h^t j^ind of cable then could bridje 
the centrifugal fprc? of the parth or Jupiter^ 
which is rnany thopfiand, times greater, and rcr 
taiii theni within thcii: orbit-s ^ I fay nothing of 
the interruptions thefe cables wpyld occafion to 
the revolutions of . fcgpndary and ioferiour pla^ 
ji6t8, or of their powers pf firetching and coiir 
traftjng at Aphelion and;PjeriheHoq, Inftiort^ 
the puerility of fuch conceptions^ whether ei^- 
amined with regard to the great bodies of nar 
ture^ or the minute particles of rnattery render^ 
a further difcuifion of them inconHft^t with ^, 
gravity of a philofophical trcatife. 

One conception of attra£tion more remaitis^ 
ffi vfif^ that which explains the mutual tendency 
•f ^pdies by the impulfion of an yniverfal 


AND ATTRACTION. ^f^ 

Hiud. Attrafkbn in our firft fiandard, io w^ 
that of fudion is iti reality, as wc have remark- 
ed, performed by impulfion. However, the 
tptitude ^ conliru&ion in the recipient, with 
the power of compreffing, evacuating, or of 
farifying, &c. which we have obferved neGef*- 
(ary in animals, the cupping glafs, i&cc. could 
not be attributed to inanimate matter, without 
falling into the abfurdity we have juil now 
condemned in others. But inanimate nature 
in her fpontanebua operations alfo exhtbit« this 
mode of adion, which is reducible to two parta^ 
to vfitf a rarifa£tion or confumption of a flnid 
in a given body or fpace, and a confequent in* 
flux of the fame fluid from the denier part fo 
jnefiore eqiuUbrium. This is the principle of 
sfition in the tend(^ncy of air and light bodiei 
into lire. The fame is the mode of operation 
in the apparent attrad[ion of the cupping glafs, 
in drinking, fucking, breathing, 8rc. _The 
t)peration in all thcfe cafes is performed by 
the preflure of the atmofphere, or of other ^qids :* 
uriiidh together with vi^hat has been (aid of aU 
other conceptions of attraction, is a general 
proof that the ph^homena apparently exhibit- 
ing attraction, do in reaiity proceed from jm- 
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pulfion, the prindple of which we ihall now 
hy down. 

The celeilical matter would be at reft in all 
parts of the vaft expanfe^ were not the fun and 
other confuming bodies placed therein, which 
by their confumptive power affimilate it to 
their own nature as a nutriment for their main- 
tenance. But this a£t of aifimilation being a 
transformation of fubftance, or the deftru£tioa 
of one fubftance for the generation of another^ 
fuch as every day occurs throughout nature, 
caufes an actual rarifadtion thereof, which im* 
mediately deftroys the general equilibrium^ 
and refiftence being there loft, where the rarir 
fadion is made, the ambient fluid muft prefs 
into the rarified fpace, and be followed by the 
remoter parts, all which move to refiore the 
equilibrium. And if the elaboration continues, 
fo as to render the £|i&milation of this fluid fuc* 
cefllve and conftant, a perpetual and fucceifive 
'rarifadion of this fluid will be continued in the 
transforming body, in which cafe there will be a 
conftant and fucceifive flow of this alimentary 
matter to the body from all fides, like that of air 
to a confuming f}re. 
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N0W9 fiace all compound bodies conti^ 
their fires^ ^hich are elaborative and confump- 
tive of this matter, there will be a conftant 
larifadiion of this matter in every one of thefe 
)is well as in fiery bodies, tho' not fo powerful; 
4nd therefore the celeftial matter will prefs into 
them from all fides, and in its paflage will prefi 
other nvitters, as light, air, water, &c. into thdr 
conftitution ; which will caufe a motion and 
apparent attraction of all fuch light bodies as 
are vifible, and fall withia the influence of that 
motion, Thus light is prefled, into bodies by 
a perpendicular preflure of this fluid, which is 
the caufe of refraction ; and the fame force will 
make water and other liquids Hick to bodies, 
which is afcribed to attraction, but which is 
really performed by the mode of fuCtion ^hen 
fighttf un^ftood. But before we enter into 
thefe effects, let us further illuftrate the prin* 
ciple of Gonfumption ^nd aifimilation, by 
premifing a few phy (cal lenmias to form a 
theory. 
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LEMMA L 

IF A body is by nature confump^tivc or cf* 
fufive of its fubftance^ that its vigour, powers 
and niagnitude be preferved, it muft be fup* 
plied with nutriment • and the quantity of its 
nutriment duly alfimilated, mufl: be as the 
quantity of its efFufjons in a given time. For 
the body being effufive, its fubftanpc woujd be 
dimini(hed$ therefore its powers and magni- ^ 
tude would decreafe ; confcqqently, to main- 
tain it^s powers ^nd magnitude, the loft fub^ 
fiance muft be continually repaired, /. e. the 
body mufl: be nourished in proportion to its 
cffufions. Therefore lire, wherever it fubfifts^ 
requires a pabulum . 


LEMMA II. 

NOTHING can be nutrimental to 
body, but what is affimilable to its own fub* 
fiance ^ for per prop, i . left, i . qualities are a3 
their fupporting fubftances j therefore, to re- 
ftore the qpaRties arid quantity of matter lol^ 
by effufion, the fubftapcc acquired muft be the 
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fiimc \(rith that Joft, /. c. the nutriment muft 
be affimjlated to 1^ fubftan(% of the body it 
fuftains, 

LEMMA lit. 

IF die pabulum pf an effuiing body be • 
fluid, or reducijble tp that ftate, and coijvcr 
niently placed, it will flow into the confijming 
body with a force and velocity proportionied to 
the coijfumiqg power of that body. 

For from the nature of fluidity, the 
parts of a fluid arc nt reft, only while they are 
in equilibrjo, ]^ut this equilibrium depend* 
upoii an equality of denfity aqd preflure at all 
parts of the flui4, and an equality and fuffid- 
ency of fuftaiqmcqt around its bounds i either 
of thefe conditions being wanted, a motioii 
will enfue to reftore the equilibrium, and will 
continue until that is recovered. Now the 
confuming body deftroys the equilibriipii under 
both refpe^s ; for its rarifa£^ion and confump* 
tion of a part deftr oys the equality of denfity^* 
and takes away the fufiaining boundary on 
that fide; confequently the whole fluid muft 
hf^ve II terf den(^ to that part, to reftore the 
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equilibrium. And if the confumption be con* 
.ftant, the gi^^ter and more quick it is, th^ 
iTiore powerfully and inflantaneoufly will the 
equilibrium be deftroyed; ccmfequently the 
more copious and rapid will be the influx of 
pabulum. 

Now^ to exemplify and apply the foregoing 

theory, let the flame of a candle be the con* 

faming body. The furrounding air is a fluid, 

and the tallow is reducible thereto ^ and both 

mud flow to the wick as long as the flame 

lails ; for the reasons and in t;he manner aifign* 

ed. The fame may be faid of the fun and the 

celeftial 'matter which feeds it ; for that is the 

fluid pabulum that furrounds the fun. But this 

has been fufiiciently explained^ for we have 

feen in the 8th ledlure, that the fun is a lumi^ 

nous body that efFufes its fubftance in the form 

of light ; wherefore we concluded, that like all 

luminous bodies within our knowledge, it re* 

quires a fufiaining pabulum; One only in* 

fiance can be thought an exception to this 

condufion, io vnt^ the fire which fubfiflis in the 

£dcus of a burning glafs, feemingly without a 

pabulum to fuftain it, we (hall therefore take 

it into confideration. 
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This focal fire is either the atmofpheric light 
tevivcd by the 8(£tion and preffion of the fdar 
beam, or a concentratioH of that, which imm©- 
diatety emanates from the fan. In the feft 
place, if the focal fire be the continuance and 
fucccflion of the folar effuffons, phyfically 
fpeaking, we caimbt conceive that at this inv- 
menfe diftance from the fun, fuch detached 
. parts of his fubftance can ret^n their vigour 
without a fuftaming pabulum, becaufe we find 
by cxperiertce^ that fparks that fiy from burn- 
ing bodies, vanifh with th^ confumption of thef 
fubftance on which they lived, as does the flame 
of a candle or fire, when their fuel is exhau(fed* 
Therefore, not having reafon to think other* 
wife of thts foliar beam of its mode of fullain- 
menf , - we are to conclude from what we know 
and experience, that the detached psnrt$ of the 
fund's fubftance niuft have a fuftaimng^ pabulum 
like unto that, by which he is^ hifmfelf preferved. 
On the^ other hand, if the focal flame confiffs 
of tlie atmofpheric fire revived by the aaion 
and preflTure of folar effufions, can we fuppofc^ 
contrary to experiment, that fires fubfift thcr^e, 
or in aity other body without a nutriment? 
Philofophers, whofe bufinefs it is to ipveftigafe 
teal caufes, are not like the vulgar^ to cont£dt 
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thcmiyvca with appearance alonc^ but in the 
' iovefbgation of caufed whidi are obfcure or 
femoce, arc to be guided by thofc wbtek pror 
duce fimilar phanoitiena, ami which are a;t ooec 
tifc^ioQS to fenfe and clear to the utiderftanding. 
Therefore, p, id and 4th of Ncwton'^s ruleai 
cited 9 le€t l. the known and famUiar inftatices 
y/t have mentioned are to be our ftandards iit 
the interpretation of this phsnonfienom 

In our 4th tod 5[th left, we havd feen that 
the atn:K)fphere and all terrefirial bodies contain 
their fires, which are for the moft part acere-^ 
tions of the folar efTufton^^ Now, as thofe 
latent foes manifeft themfelves by fparks, iight^ 
keat^ and even fia£ne^ when eicited by colli- 
fion, fridion, &e. we muft conclude, that tho* 
dormant^ they are ftill afive^ and therefore^ 
being of a eonfuming nature^ p. lem. 1. require 
nourifhnient to prefer ve their being. Befide^, 
as tfiefe concrete 0res 4re detached pajrts of 
the folat fubftasnce, they require a pabulum for 
, their prefervation analogous to that, which nou* 
zifhes him. Now^ all thefe bodrei^ are within 
,tbe ipherical (pace replete with the celeftial 
matter, which emanates from the firm anient to 
Sj&zin the fun^ being therefore im^erfed m 
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thiB flutdi it is convenient for their confump^ 
tion, and confequently to be efteemed the pa« 
bulum that fuftains their firea as weU as thofe 
ef the Tun. 

For thefc concrete fires of body niuil fubfift 
eUMer on the other internal concrete matters o( 
the body/ or fome in jfluent matter from abroad^ 
But^ tvhatever they fubfift on^ they mnft from 
the ad Lemma confume^ otherwife it wouI4 
not be nutrimental to them. If therefore they 
fubfifted on the internal parts. of body^ its tex« 
ture and fabrication would be dellroyed. Now 
jincc thefecontirine good, it muft not be by tliem,' 
but by a iluid cortxing from abroad that the itt* 
ternal fires are fed ; and thi§ fluid mtrft be the 
celeftial matter, which as it is the pabulum o£ 
the fun, being convenient, ought from, tte fim- 
plicity ot nature to be the fuel of the folar fub* 
ftance, wherever it exifts, whether in the hea- 
venly fpaces^ or in the cpnftitution of bodies; 
Now we have feen that all t>Qdres conuin their 
fires, that is, the accreiions of ligl^t or folar 
fubftance which they have abforbed during 
their growth and formation. Confequently they 
are perpetually confugaing the celeftial matter, 
wbich^ tQgpthcr with the air and light it car- 
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tVss with it, muft flow into them to reftorc the 
ccluiTibf ium of its parts, whidi is deftroyed by 
thefe toiiruttiitig fires; For a perpetual wafte 
of this fluid is continually forming in bodies, 
vrhich produces a redudtion or kind of vaeuumf 
tf this matter ; whence arifes the firft ()rincip!e 
6f a£lion and itiotion in all fluids to reftore the 
equilibrium of their parts by a motion of th6 
denfer parts to the rarer. Confequently this 
fluid, and tvith it the folar tight, in which all 
bodies are immerfed, prefs into theni froni 
all fides m the form of centripetal fpheres, t6 
fopi^y the loft cf denfity fuflfered within by 
the confumption of their parts for the body's 
fopport. The digefted iDatter rcfulting from 
this confumptioi^, emailates fr6^ bbdies as we 
have remarked in the form 6f electric or elaflic 
matter, which prevents the aduaf corita£t of 
bodies, and reflects fight before if touches their 
furface. And the centripetal fpheres, formed 
by the influx of thefe elemeniairy matters, are 
the caufes of the pba^nomena, which induc- 
ed philofdphers to admit fpheres of attradion 
about alt bodies^ 

Thus the prefervation of bodies, an J all 
their properties^ with their motion and a^oBy 
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depend on the influences, aflimilative powers, 
and other qualities of thefe two fluid^^. Thf« 
fimplicity of nature, the uniformity of ^t|^ir 
operations^ and their univerfality throughout 
all parts of' the material world* (hew them \ to 
be thofe material agents, which ift ouf ill left. 
we conceived to have been eftablilhed by the 
All-wife Creator in this iwgR%«ent machine of 
the univerfe, for exciting and carrying on the 
operations of nature wijhoyt. deficiency, or dan- 
ger of decay.' In works of human contrivance, 
the matter of the machine is fubjedt to waftc^ 
and wear away, the fprings relax, and the parts 
arc difcompofcd : but in ' this machineVy coh- 
ftrudted by the All-powerful Creator there is 
no wafte of materials, nor decay of powers* 
The quantity both of elemeptary and com- 
pound bodies remains the fame, thp' undergo^, 
ing their natural vicif&tydes ; and the fprings of^ 
a£tion are permanent, being founded in the 
moll fimple principles, of nature, fo wity thp 
rarif$i£tion and equilibrium of fluids. 
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L E C T U R E XII. 

Tfcfc PhastiDttifeiia of ]tocaf icity, of the 

KiinUr Motions, of Tides, of Gfa- 
vity and oif.Cohefion, clearly fplvcd 
l^:©ur matorieU, Principl«si 
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General -Proper tj?fi pf Eleftricitv fblyed. -Thco- 
r^ fox tlje iQlution of|. cxtr^mdimwy phaef- 

nprnena. ^ . .. 

• • • 

JtiAtlNa i» Tfife fdregoirtg Sedliwi, by & 
pfi^fi^^cal ^flttl^fiis, iimftfg&ted ^' fete 

<h6* pto«w^* ^hd hStir*^ of *fta^?ffftrf* rwatttt are 

ous property^ Ur5idft5 H fe ifttfft ^Iighttrted by 
expcrinfient, that k in clcftricrty. Eleftric at- 
tradion is that which arifes in vrtrioQs, fulphu- 
rous, refinous or any other kind of bodiei^ 
when heated by friftibti. Its name is dertlred fit)m 
AUrumy having been firft difcovered in amber. 
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It is not our intention to give a conqAeat 
treatife cm this fubjed, but to malce a few r«r«* 
dical experiments, which may take iti the chief 
olgcdls of inquiry in that branch of pWlofophy* 
The phaenomena in queftion are now expUiiw 
ed by elefibicians on fuch various principkri; a9 
to introdoce into philofophy more caufca than 
tSk&Bj which is contrary to th^ nature of 
fcience ; for princii^es Ihould be few, and sf 
the fame time limple andi certain, and their ap^ 
plication extenfive. Our interpretB^ions (hall 
be founded on the univerfal principles we have 
difcovered, which being the real agents of na^ 
ture (bould folve all her phacnomena. By a 
Scientific application of thefe we hope 
to explaio all the of&db, which are now the 
iAg/^ of philofophical inquiry, from the mpfi: 
obvious to the moft intricate phenomena of 
dedkrical attraftion. The univerfality iijf our 
jblutions^ joined to their fimplicity^ and their 
oonfarniity to the fpontaneojis opersition? <^ 
nature, will prove the utility, necelfi^^ %vA 
certainty of our principles;, for in real idmap 
the truth of the eduftions eoiyimonly rt&ic&B 
new confirmation on the principtoi, 

Vz 
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An cledkrifying machine hat a wheels which 
turns a glafi cylinder cm- ^ohe under the prcf- 
fure of a rubber, by which it is excited, and a 
prime coiidudtor which receives the elefkical 
matter by (harp metal points that are dkefted 
to the globe or cylinder. The conductor mufl 
reft upon filk lines, glafs, rofin, or fome other 
ekiiric pe/e^ left the fluid which is to be there^ 
in accumulated, (houM find a pa&ge to the 
earth before it is fufficiently coUe^ed to exhtbit 
the {)haBnbBtena. For^ as the air is an eleftric^ 
this prime, or any other condudkor will be in- 
fulated, /. e. the ele£lric matter confined in it, 
when all communication with the. earth is in- 
tercepted by eleftrics. When all parts of the 
machine are dry and wiped clean from duft, 
the glafs cylinder being warmed and fet in mo« 
tion by turning the wheel, and a communica* 
tion formed between the machine and the 
earth, by an iron chain or fome noa-elcftric, 
that will condua matter from the earth to the 
fridting furfaces of the glafs and rubber, it wiil 
flow from thence by the wire points to the 
prime condudtor, where it will foon accumulate 
to the highcft degree the ftate of the atmof- 
phere will admit of. . • 
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EXPERIM ENT. L 

THE prime condudtor being impregnated, 
approach it with the finger, knuckle or any other 
conducting fubfiance, and luminous fparks will 
i^ue forth >yit^ a fnapping noife, each of which 

is called au'cxplofion. The greater they are, 

■I 

and the more numerous they are difcovered 
from repeated approaches of this kind, after 
the wheel is flopped , the greater the degree of 
eledlrificatiqh, which is always greateft in frofty 
weather. Light bodies prcfented near theconduc- 
tor, while thus impregnated, will be attradled, 
and the greater the eledrification the greater 
diftance will thefe bodies be attrafted from. 

That fire is colledted in the prime con- 
dudkor is evident by our lemma, left. 4; 
from the explofionsi and that it was collc<aed 
by fridiion, is alfo evident from the operation 
on the cylinder by which it is accumulated, which 
alfo agrees with former pbfervations. For in 
our 5th left, we faw that the colllfion of har4 
bodies produced fparks of fire, that friftion 
excites heat and kindles dry wood, that at- 
trition in fluids makes them warm and pro- 
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duces light, therefore on the whole, fire hath 
been cotledc^ in ihe cpn4u<aor. ,. Now pet 
1cm. z. left II. Every kind of fire being 
cffufivc of Its fubftkiice muft have afiif- 
ttiining pabulum^ which pabulujm, if it be a 
fluid, tfiuft, jvrlem. 3 to prcferve tts equili- 
brium, have a conftant influx into the body or 
^ce containing the fire that rariH'es and con- 
fumes it; Hence the influx of the ccleftial 
matter to fuflain the fun ; and hence the influx' 
cf air to a common fire. This latter fluid is 
IK)1 vifible, but its current is perceived by its 
impulfe on the human fr^me and the apparent 
iittradlion of other bodies prefenied before a 
fire. Therefore, altho^ we fee not the ccleftial 
matter flowing into the cledtrified bodies, yet 
as we are convinced that fire fubfifts in them, 
and that the f )iar pabulum is prefent in all 
places under the heavens, we muft conclude 
that it flows into them. And the apparent at* 
tra^^OQ of light bodies fuirounding them is an 
experimental proof of an influx of that pabu- 
lum to them, as^ real as that of aii* into fire. 
\Ve fep 9lfO| that in this ele(5tric, as well as in 
all Other fires^ the influx of its pabulum is 
proportiQued to the quantity and <:oafumii}g 
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power of the fire j for? <be priaji? cQXjdi^r 

did not exhibit this ^parent -^tira^o^i 3$^ 
it had taken in an addition of &ery rf^^ttsf : 
and further^ when the accwnuJaiti^^pf tj^s 
fiery matter encreafes^ the eKpk>$©na and 41- 
tradtion yow ftronger together, Tbenrfpr^ t^ 
diftance, from whence tlui fittraf^ion . ^ak«a 
place^ fcews the diftance from wheifce tj|^ f^W- 
bient pabuhim flows to nourjfh the coUeAod 
lires of the prime conda^or. ConfeqMfiKJ^ 
the ^eater tbU difiance, the more ^H)^qijip t^ 
influx, which is as the greatnefs of the expio* 
&m$« that ia, as the quantity of fire acoiimu- 
lated in the condudor, Which agrees wfth^ and 
eonfifma the theory of the laft fedion in ^he 
preoadiag ledurt. 

^ibW, if we confider how f mall the quantity 
j^ adventitioua fire ia which herecaufes^trao* 
tion with regard to the ftock of innate fires 
4CTery body contains and aflfoiids^ when kindled 
jOX in burning) we (hould not be furprized at th( 
(Centripetal fpherea whieh furj^ound , all bodies, 
b(|t on the cont rary, (houid wonder that iuoh 
^erea of influent matter au not larger. Tbis 
proeeeda front the innate fire^s b^ing d^maht 
in mi^ natliral bodies^ Uid oatdk^cpAy its 


1 
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^onfamption of fuel trivial. But tho* the con- 

• Crete fires of body fcem dormant and inaiHive, 

• we have feen iti the laft lecture, that they can- 
'not fubfift without a nutriment diflindt from 

fhe other concrete matters of the body-, how- 

ever the eflfefts of this influent nutriment arc 

• •■ ■ ' ' ' . 

"generally infenfibk to bur organs, until the fires 

are excited by friStion, coUifion, heat, &c., juft 

» •-•••.■ 

as th^ influx of the air to a weak fire is fcarcely 
perceived, but becomes very fenfible when it 

'is'ftt^ngthened, or roufed up with the poker. 

» « 

. This. explanation of eledtric attraction is pcr- 
fedtly conforniable to the caufes of natural at* 
tradtion we colleded iij the preceding ledkure, 
and agrees both in caufe and effedt with the 
infiance of the cupping glafs. If then any 
man wjil not allbw this to be a true and natu- 
ral explanation of the phaenomeaa, let him 
contradict it by (hewing the lips, lungs and 
valves, or the hooks, fingers and mufcular 
powers the prime conductor has gained from 
jhc rubb'uig of the glafs cylinder. ' Nor would 
an apparatus for flicking or drawing be fuffi- 
citot without fome power of rarifying or ex- 
cluding the fluid imbibed and without a fluid 
thus to imbibe.. TJhefc we have in the laft Ice- 
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turc difcovcrcd to be the apparatus and caufes 
uniycrlally ncccflary for attraftion, except where 
the confumption of a fluid by fire produces 
that cfFeft. Now we neither fee nor can admit 
without abfurdity fuch an acquifition of machi- 
nery in the condudtor ; on the other hand we fee 
the fire, and know its natural powers and effedls: 
the conciufion is obvious and undeniable* 

An electrometer is compofcd of a ftidt 
of glafs, wax, or fome other eledlric, from 
one of \yhofe ends two fmall balls of coifc 
or pith of glder of about a quarter of an inch 
diameter, are fufpcnfled by t\yo linen threads, 
each five or fix inches long. The ele<aric cuis 
off the communication, which the eledtric mat- 
ter would hav? from the halls to the hand of 
the operator, who being a liviqg animal, is one 
of the bcft kind of conductors. 

EXPERIMENT II. 

ELECTRIFICATION in the prime con- 
duaor being excited as before, prefent the 
clcarometeri its balls will be firft attrafted as 
in the laft, and again repelled, and will then 
ftand in recefs from each other, and from the 
pondudtor, until the eleftric matter they have 
imbibed is diffipatcd in the air. 
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The expioftons as well in this experiment as 
Uk the for*^ going prove, that > fire was collected 
and compa£ked in the prime condu&or ; and 
confequently it is there in a noore dcnie ftate 
than it was in it before the attrition of the 
glafs, or than it was in the light bodies carried 
to the condudor and adhering to it from the 
influx of the ambient fluid, as explained in the 
preceding experiment. Now this eledtric mat* 
ter ttfelf, being alfo a fluid, muft, to form an 
cqwlibrium, flow from the prime conductor, 
vhere it is thus condenfed into the adhering 
bodies, where it is more rare, and continue thus 
to effufe until all thefe infuiated bodies hatre 
it in the fame degree of compadlion and dif- 
fufion, /. €. until its parts be in equilihrh through 
them all. But the eflence and propenfity muft 
fer le£t. i . accumulate with the fubftance : con- 
fequently the cxpanfion effential to fire muft 
be acquired by thofe bodies ( and their expanfive 

• 

emanations will encreafe with the fubftance, 
which then oppofing each other, muft drive 
thofe bodies afunder, and alfo away from the 
prime conduftor, which explains the repufflon 
of the balls of the eledrometer and pofitive 
dedtricky in general, which arifes, when bodies 
contain more than their natural fliare of this 
matter, fo as to cfiufe it. 
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In the fame njanner the atnwfphcres of the 
planets and comets, being impregnated with 
the folar efFufmnfi in Perihelion, will by a like 
counteradlion of expanfivc etnanations diver^ 
or recede from the fun towards Aphelion^ front 
whence they will return again by the motion 
of our ccleftjal matter towards the fun, as if 
by attraction, like the light bodies in the pre- 
ceding experiment. Dr. Franklin agrees with 
us in this caufe of repulfion, but then he is un- 
acquainted with the true caufe of attraction. As 
for Sir Ifaac Newton, we have fecn that he 
enquired not into the caufe of attraction or re- 
pulfion, and either confideted them as efFeCts 
of the fame caufe, or elfe treated both purely 
in a mathematical light, for he fays (^i) ' As 

* in Algebra^ where affirmative quantities vaniih 

• and ceafe, there negative ones begin^ fo in 

• mechanics where attraction ceafes, there a re- 

* pulfive virtue ought to fucceed.' But here we 
fee that repulfion commences in faCt^ when the 
bodies are faturated with the eleCtric matter^ 
which conquers the influent power or caufe 
of apparent attraction, which phaBnomcna 
muft ceafe and vanifh, not when the bodies 
axe at the greateft, but at the fmallcft diftance 
from each other. This is alfo evidently the cafe 


I. 
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with the planets and comets in their acccfs and 
recefsy for where attradtion ought to be grcateft 
in force next the fun, a repulfion at once arifes 
to overpower it without any correfpondence 
with the properties of Algebraic figns. 

EXPERIMENT III. 

Turn the wheel until the prime conduftor is 
charged as before, which will be known by 
the aforefaid phaenomena, viz. the explolions, 
attradtion, and fubfequent repulfion of the 
balls, which are all explained as before. Then 
let a perfon, or any piece of metal having 
communicion with the earth, touch and con- 
tinue in contact with the conduftor, all the 
fighs of electricity will immediately ceafe and 
remain dormant, while that contaft continues, 
although the wheel be kept turning. . 

This (hews that the elcftric matter goes off 
by thefe touching bodies, and that the matter 
of this kind is in the compofition'of fuch bodies 
more rare than it is now in the prime conduc- 
tor, where it is fo accumulated as to produce 
explofions. Thefe, and aR other bodies by 
which it thus flows from the prime condudkor, 
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are aUb called conduSors. And it is by this ex- 
periment that condufting fubftances are diUin- 
guilhed from non condudlors, which are difco- 
vercd to be eUElrics perfe. Scich are filk, glafs, 
wax, and all forts of fulphurous and refmous 
bodies: for any of thefe being in contaft 
with the prime condudtor, though in commu- 
nication with the earth, will not draw off nor 
fuffer this matter to pafs thro* them from an 
electrified body; wherefore a charged con* 
Axi&xx that touches this kind of bodies only, 
will be fo infulatcd as to exhibit all the figns 
of elcftricity as ^goroufly as if no body were 
in conjaft with it. But on the other hand, if 
a finget, or any conducting fubftance touch it, 
whether the electrics remain or not, repulfion^ 
and all figns of eleftricity will ceafe. 

^uercj Is it becaufe glafs, diamond, and fuch 
hard tranfparent bodies are in fubftance a conti- 
ntftrnf, that they become impermeable to this mat- 
ter ? Yet by Experiment 1 they produce it : and 
the diamond of a ring worn, I think, by Sir 
Robert Boyle, had a fpeck in it which fre- 
quently changed its ptacQ in that raoft hard 
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fubftance* Thcfc things argac a p^idstatwm 
of thofe hard bodies ; nay the laft cffcft cbufcl 
only have been produced by the inflkiCBt and 
effluent matters here fpoken off. Is it firoia 
their texture alfo, together with the qtiaii^ 
tity of their natWe fires, that fulphur, pitch, 
rolin, and fuch inflamnaable bodie$ will net 
admit the entrance of any more ? Yet fiik, fuir«, 
hair, &c. are alfo ekarics ferje^ and fo is air 
tho* thefc bodies entirely differ from thofe ta 
texture. Again, glafs and thofe inflairanable 
bodies become conductors when melted to a 
fluid ftate ; water is alfo a^^tonduftor, tho* it 
becomes an eledtric when congealed. Air to^ 
infulates beft in the trnie of froft. Upon the 
whole then, cold is the only thing that as yet 
appears conftantly and univerfally ininiical 
and refiftive to the eledtric matter, agreeably 
to our obfervations in the 9tfa Le£tui3e» 

E X P E R I M E N T IV. 

LET the prime condu^Itor be again charged, 
and let a perfon Handing on a thick cake of 
ToTm or fulphur, or upon a ftool with gla& fiset 
have eommunication with it by a metal cimio, 
or any other condudting fubftance, and he will 
be alfo impregnated, (b as to (hew all figns of 
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dcflricity as well as the prime condinftor. 
Sparks will rfFoc from his eyes, tongue, fitigw', 
or any other part of his body to which a cbar 
di3^Ag fubftance is prefented, which will caiifc 
tf painful fenfation, as if occafioned by ikut 
touch of an hot wire point. Thus he wiB con- 
tinue charged until he touch the ground with 
his foot, or communicate with foitte conduc- 
ing fubftance in conta<^ with the earth, aiid 
then all figns of deftricity will ceafe* Sy this 
experiment we fee the natural propenlity where^ 
with this matter flows to the earth, and that \tt 
progrefsis liopped by eie^ftrics : al) the other 
pbamomef^a are i^tUigibfe from thofe which 
have befA .^^ady ejcplaiii^, 
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« 
NO W let a perfon fland upon a thin cak« 

oF wax. or tofin, haviog communication with 

the prime condudor as before, eledricity will 

not now rife to fo great a degree as when he 

flood on thick dedrics, which ihews that he is 

not fo well infulated as when- he ftood onth^m. 

This,' ihews. that eledrics are not always and 

in all circumftances iiiiper;iveabie to tbif mat* 

ter ; for fin^e the ()ei;ibn aqd pome condu^or 
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thus infulated do not afford fuch llrong figns 
^f cledkricity as in the lad experiment, where 
all ctrcumilances were alike, except the thtck- 
nefs of the eledtrics on which he (lands, it ap- 
pears that fome part of the eledlric matter, after 
a certain degree of accumulation, mud have 
pafled off thro* the thin eledtrics. Again, 
whatever kind of matter emaqates from bodies^ 
mud pervade their parts ; but we know from 
experiment, that rcpulfive emanations proceed 
from glafs, and other hard polifhed bodies, 
which re6e£t light aqd prevent an a£tual contadt 
of thofc bodies without a preffive weight : confc- 
quently thcfe bodies are not impermeable to 
the eledlric matter, which is the fubilance that 
emanates from them. Glafs however may be 
impenetrable to a beam of folar light on ac- 
count of the arguments adduced in the 7th 
lefture without any inconfiftcncy j for a bank 
of earth or fand, a body of twigs or furz will 
flop a current of air or water, thoV they be not 
impermeable to thefe fluids. 

Indeed, notwithflanding the accretions of 

air, light, &c. treated of in ledture IV. & VI, it 

muft be owned, that the folar light, air and 

^ water are very much unqualified to enter any 
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hard body without a preffi vc ^aiifc ; for attrac-i 
tibn is but a name, and the two forifnet fluids^ 
at Icaft; arc of a repolfive and difFdfilve nature^ 
and more adapted to fpread over the fiirface 
of a body than to penetrate its parts, except 
from fome co^hpreffion allid Coticentr&tion, zi 
if to a focus. But our celeftial matter being 
of convergent propenfity, is of a penetrative 
toture, and is prefent.in all places, whence it 

flows to the (un ailid ta the concrete fires of 

every body, sis if to a focus,* which it nrourifh^a 

and^ prefiervcs, thereby preventing the waftc 

and confumption of the body's ftamina; This 

matter therefore is thd principle of Cbnve^ence^ 

and the fole one; for by fe£t 4. le^. i. the 

fimplicity of nature will admit but one. It ia 

therefore the caufe of the entrance of air^ iight^ 

water, &:c. into bodies ; and as it carries in thefe 

matters in its influx, we (hall in this view call 

them with it influent matters. Whence again 

we have room to conclude that this matter is 

the caufe of the phaenomena of all attractions. 

In this experiment we fee that, even dedtrica 
are yielding to eledUical emanations, and muft 

therefore be permeable to the fame kind of 

«» 

flatter, cfpecially when they are thin. For 
Vol. IL X 
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the fame re^fon we {&e . that ^is. maifttier flnidij^ 
a ^ibgf tbro'. air, thp' ftn ele^icv to a needle 
point, held at tk fhiali diftance frbm the pnir» 
condiudar. : For this being fchke isfobted oa 
^U fides by eqinel eo^mis of air which refift 
^ pfe^r^i^ .emanations of eleArtc matttr aftn 
kigief|uaUy onaQ fi^, and catafing e^l vibta^ 
l9ona in thcf ambiemi air, retaina its diarge j boc 
wteM the pcrim is prefented^ it is Idfe fiiibiimd 
da that fide, the ftratuiti of air Be'm|f thia^ th« 
trtawitionB thdrefbre ar« tl^erc broken, arid the 
edianatmg matter prcffeB on the yielding para 
of tfie air^; and thufe fdrnft a ftreawi to the can* 
d»aing poi«t„ whereby it efoapcs toto a bcKlf^ 
tirfaere its fiibftailce:is ribore rarci. Ki lik» mhn* 
fie£]it foroes a jaiisgp thro* iharp- comers ca^ 
ptoniBp^t points of the priinecondadltor^ where 
a t» fo accanralatedv and tffues forth in:4 (iteam 
ilrhich turnB » wlwet ,«nd' ftinies in the darfc 
A ^rirae conduaor then of a fpherical foim,- 
Wilh fuch pdintB and. prominent parts when fa- 
tuWted with ttesmatter^would in adaikrooa^, 
give a miniature appearance of the earth and- 
Its volcanoes-, may -riot then the caufes, as. 
imiW oA the ph^omena be finrilar m both ? 


f be difierent degirees of eledtrifio^n, wkeb 
1^ lame conduaor ahd apparatus atoit <* iiw 


G R A VI T At I O N,.:&t. gd^ 

the fame {Dkoe^ but in different kinds of we4* 
therj (hew that the elearic ftate and quality 
bf the mi ife very changeable. For during frdii 
or dry cold Weather, the elearlcity ceteris pariius 
will be ftrong an4 iively^ which fliews thiili 
muQh matter id then accumulated and con^ 
denfed in the prime cpndu^or. •• In moift or 
rainy weather there are fcarcely any figns of it^ 
except in a warmroora, where it riiay be raifed 
to the degree iuch an atmof{>hei'e will admit 
of. Humidity in this cafe feerps to damp the 
electric matter as it would gUn powder ; or in 
may be that in this ftate ti>e antibient air is a 
non-ele£tric^ But ev?n in the coWeft we^thef^ 
after a ceitain accumdEktion of ' this matter in 
the prime condqdtor, electricity cannot be in-^ 
creafed without an addidonal apparatus; for 
any further acceffion of this matter will thea 
force its way into the atmofphere, Whftncft 
We fee that the preffare of the air is not th* 
caufe of its confinement tn the ccmdu£tof, 
the weight of the ati^nofphere being c^teft tlii 
fame in both kinds of weather^ asappe^fif li^ 
jthe baromet^^ 

E X P E R 1 IVl E N I" Vr. 

NOW let the whole.tpfmmtM ^td ttifi Matil 
who turns the wheel be entirely infidated, by 


1] 
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placing them on thick cleft rics, or fufpending 
them with filken lines, fo that all communis 
cation between them and the earth be cut ofK 
The prime conduftor may at firft give figna 
of ele£b:icity, but after a time they will ceafe, 
and will not return while the machine and opcr 
rator are thus ifffulated, altho' he continues 
turning the wheel ; unl<efs he puts his foot to 
the ground, or touches another perfon, or fome 
condufting body communicating with the 
earth. But the inflant this happens, all figns 
of eleftricity will be renewecrand exhibited as 
m the (ft and zd experiments. This (hews, 
that the ele€Uic matter flow^ from the earth, 
and is t:ollefted, not produced by the appa^ 
ratus as eleftricians firft imagined, before 
Doftor Watfon made this difcovery. How- 
ever it muft be allowed from the firft tempo- 
rary figns of eleftricity which appeared 
while the machine was infulated, that fonie 
eleftric matter wais collefted from the air, ma- 
chine, and operator, which foon difcontinaed 
to flow. And it is obfervabfe,* that the more 
perfons or bodies of any kind are thus infulat- 
ed together, the ftronger and more durable 
are thefe fiift figns of eleftricity ; which (hews, 
; thai all foch bodies coataia this matter in pro^ 
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portion to their magnktide. Gonfequcntly the 
quantity of this matter in a31 bodies on the fur- 
fecc of the «arth, is but a trifle with rcfpcdt to 
what the earth itfelf contains; and this is agatit 
dear from the futility of the firft figns of elec* 
tricity while the machine was infulated. There^ 
fore, (per Icm. 3.) the influx of the celeftiai 
matter into this planet muft be immenfe. MAy 
not then the centripetal fphere, formed by thii 
influx, be the caitfe of terrcftrial gravitation? 

But to return to xnxr experiment : from the 
^fiation of eledtricity by infulatinig the ma* 
.chine, &c. and from its conftant flow, while 
thefc bodies communicate with the earth, it k 
evident that there is a continual circulation of 
electric matter from the earth by condudofs 
to the rubber and glafe globe, and thence to 
the prime conduftor, and per ^xh experiment, 
back again by other condudors to the earth : 
the manner and reafdh of which we flidl 
now examine. In the 5th led. we have feen 
that the elaftic matter of the hardeft bodies is 
roufed from its dormant ftate by colliflion or 
friftbn, which excites a trerfiour in its parts 
mnd gives it motion ; and that its own expah- 
^vccficnce thus roufed to exertion, makes it 
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come forth, (e 99 to excite hea( in the ffi0^ 

bodies, and fometimes kindle th^nf). In like^ 

manner the loofe niatter of this kind m the 

rHl>ber find ^afs is rpufed ftnd fet in motion 

by the tr^mour of th^ir parts, and nrged by 

ita excited e^panfion to th^ rubbing furfaces, 

>vhere ^ rarifadion of this naatter IijfII takes 

j^$pti by a difcharge of a part at the com- 

xpenoement of aftion. The adjacent parts 

theOj having gained liberty, muft How thither, 

as it were to reilore the equilibrium ; the parts 

beyoad thetn from the fame caufe muft follow 

fhem, and thus a motion of that kind of fluid" 

muft b^ propagated thro' all touching bodies 

to the earth, whofe loofe matter of this fpedes 

muft flow in the fame dircftion to the rubbingf 

furfaces, where a rarifadtbn of this fluid has 

been produced and is maintained by the fricftion. 

yhm the elcdric matter is foUicited to come 

from the earth to the rubbing furfaoes on the 

fioie principle that a^uates air to flow to the 

^re, and alfp from another caufe, to wit^ the 

powerful conatu^ which every fluid acquires in 

flowing towards the place of its tendency, 

Arriving here then it continues lambent on the 

gUfS) until fome conducting body or point prer 

^nts itielf witbia the es^tent of its emanating 
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iphere, wtiieh being prefome^ Jt J^aflfe^ If)^ 

h into the prinic conduftor, vhfeb feeing ifife- 
. Ifited, its potiqa is ther^ Ij^^^ppec) i a&d q^n^'^ 
quently ft wiA be there co^lgded aod Aqq^mo- 
lated, as water ciille&s la a pond at Ihe en^ of 
its fiream : and as in thi$ cafe qo more water 
vrill be collected than what the banks can hem 
rin, fo no more eleftric matter will remain in 
the conductor than the air in its prefent Itate 
is qualified to confine. But while the prime 
conduiftor is thus filled to faturation, it will 
by its emanations caufe repulfion or pofitive 
eledricity, whereas the q>erator and the other 
parts pf the machine, where this matter is not 
thus dammed up to a redundancy^ but only i{i 
paflage flowing to the prime conductor, will 
efFufe none, and therefore will not be pofi- 
lively elcd^ified j but they will exhibit nega- 
tive electricity by the artra^ipn and adhefion 
of light bodies ; becaufc the ccl^ftiaj nijatter 
will flow into them to nourifli the elcdric fire 
in paffage thro' them: fo that we find the 
fame matfer produces pofitive or negative 
eledricity, as it is differently circumffanced^ 
The more cold the air, the more this matter 
will he cpndqnfed in the prime conduiflor, and 
the converfe. Sut moifture is. a vafi obitf U9- 
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tion to the accumulation or retention of thi^ 
nfatter, for cyery kind of liquid fubft^ncc is & 
conductor, even .an eleftric per/e bepomes fo 
when reduced to a liquid ftate ; the natural rca- 
fon 6f which, and of the different between 
eledtrics and non eledrics feeros to be as follows : 

The eleftric fluid is a loofe kind of the 
elaftic matter not yet contextured in the 
ilamina and firm parts of bodies; for which 
reafon it is eafily diiengaged and let in mo- 
tion. Hence it. is that an eafy tremour exr 
cited by a foft rubber gives it motion apd 

continues its propenfity from every part of th? 

» ■ • ■ - . ». . 

body to the fricled lurface. Porous fpringy 
bodies therefore and fluid ones eafily yield this 
Clatter, for the fpringy fibres of the firft will 
eafily diflodgc ahd remove it, and in the fluid 
it is fcarcely tied town, fo that a (tream of at 
is eafily formed through thefe two kinds or 
thro* other bodies approaching the texture of 
cither. But where the texture is clofe, firm, 
and tenacious, a palTage is not eafily gained, 
nor do fuch bodies contain ipuch of this loofe 
kind of matter, being chiefly conipofcd of, and 
impregnated with an adhefive kind, which is 
pot eafily diflodged or removed. And even 
tho* fridtion and tremour may loofen and dif* 
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diarge forne of this matter from fuch bodies ; ^ 
unlefs rii^ be very thin, it requires more time " 
than is generally taken to make an experi* 
ment in order to liberate and give motion to 
what they contain^ that more extraneous fluid 
of the feme fpecies coUefted from other bodies 
inay pafs thro* them, fo as to give it a paflage 
to and from the earth. Confequently the mcMfc 
nearly bodies approach to this kind of texture 
the nearer they are to the nature of eledrics. 

That the earth is the grand fountain and 
ftore of the eledtric fluid, from whence electri- 
city is fo abundantly fupplied on all fides and^ ~ 
parts, is evident from thefc reaTons, ift, it ap-. ^. 
pears from this experiment, that all > bodies _ 
contain this fluid in the proportion of their 
quantities of matter, zdly , The fires of bodies 
in a general way may be alfo confidercd as 
proportioned to their quantities of matter ; apd^ 
the eledtric fluid, according to the ceconomy 
of nature feems to be the lirft folutionarifing ; 
from the elaboration of the influent matters 
made in the pores of body, where it remains as , 
ij were the digefted nutriment deftined for the . 
prefcrvation of thefe innate fires centextiired 
in the firm ftamina. It muft, therefore be 


».V ^ 
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abundaotin an eiptr^orcjin^ry ckgr^e in the 
4Wirth, which i^ (b imiDt^ntcly lacgejn rcfp^^ft 
to the bpdks on its fiufoice, ^nA which from 
Us heat vukan^es and power uf v^gpt^ti^n we 
jiavc concluded to he replete wi^h ^e. it is 
l3ot ftrapge then that all eleftric ppetatiaiis 
ihould deiiyc vigour and tffi.(;acy from a com- 
municaiion ith the earth. Sut the part of 
the experiment that remains to be e^nlaipfid i^, 
why the cleftric matter, when fo abundant in 
the earth, (hould yet return into it, not o^Iy 
\>y cottduiSkors, hut alfo by tlun elefitrics. This 
proceeds from two caafes, firft this matter is 
more fubjoft to the gravitiiting fluid than any 
other kind of fire or light, as appears from its 
imnt^diate d«fcent in a perpendicular cJofe co- 
lumn, in an cxh^ufted receiver, while other 
kinds of light are only re&adled, and that at 
the Airface of bodies |by the in^uenoe of thi« 
psleHial or gravitating tpatter. adly. We bav» 
foen that it recede^ from cold, ^^ of all neigh- 
bouring bodies the atmofphere is the coldeft, 
from whidi therefore it muft run to the earth, 
and to all bodies w}iich afibrd it a paiTage, and 
wherein it may be fcreened from this eon^ 

dm&n^ cokl* 
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EXPERIMENT VIL 

INVERT the order of the apparatus^ let 
the perfon who turns the wheel be infulated,: 
^d a chaijQ be hung from the prime condu&or 
tp the earth, fo that the wheel being turned 
the matter muft flow from the earth, not thro^ 
him as before to the prime condu£tor, bat 
thro' the chain and prime condu£tor to him. 
Infteadi of being the channel as he was in the 
former experiment, he now becomes the pond 
into which this matter flows, and where it is 
damned up. Hence the effects are changed ^ 
for the explofions and emanations now pro- 
ceed fron^ him, not from the prime condudlor, 
{b that hQ is elcfftrificd pofitively and the ma* 
chine negatively, the matter being aecumulat* 
ed to filturatioi^ in him, and only in paflage 
thro* the machine. Whence again we fee the 
circumftance, upon which pofitive and negative 
eleftricity depend. But let the infulated ope- 
rator now lay hi^ foot on the ground, or gain 
^mmimication with the earth by any condudV- 
ing fubftancc, all the eledtric matter will im- 
mediately flow through him to the earth, and 
lofinghis redundancy of this matter, he will lofe 
his pofitivc eleftricity as in the 4th experiment. 
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EXPERIMENT Vllf. 

LET a fingle cork or pith ball fufpcnded by 
a filk thread be ele&rified by toudiing the 
prime condudor, and then carried to the mid- 
dle of the room, where the air is alike qualified 
on all fides. Here it will be at all parts under 
an eqjual preffure of the air, againft which the 
emanations of the ball or its repulfivc atmof- 
phere will aft equally on al} fides. Gonfe- 
quently it is here kept at rett as water in a 
ftauach veflej. ^ut a conducting fubflance be- 
ing prefeqted at the bounds of its atmofpherc, 
attradion (to fpeak in the received manner and 
according to fcnfe) will enfue ; for the eledri - 
fied body will ^proach and ftick to this con- 
duftor. But in reality it might as well be faid 
that a gimblet hole in the fide of a vcflel at- 
trafts the water to it; for juft as that perfora- 
tion deftroys the refiftence that had preferved 
the equilibrium of the water, fo the con- 
dudVmg fubftance thus prefented deftroys on 
ojae fide the equiRbrium that fubfifted between 
the aftion of the eleftric or repulfive fluid and 
the refiftence br preffure of the influent mat- 
ters, by abforlbing the elcftric fluid on that fide. 
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Mean lime the adtion and refiftence remaining 
in force on the oppofite fide prefs the light 
body againft the conducing fubftance, unto 
which it adheres until all the emanating mat* 
tcr is abfof bed or diflipated : then tlie action 
ceafes on all fide» and the light body falls offl 
If then it be brought near to the prime con* 
dudtor or any electrified body^ it will exhibit 
anr>t her apparent attraAion thereto, which dri(es 
from the motion of the celeftial matter preffing 
into the eledric fire of the impregnated con- 
ductor, and forming around it a centripetal 
fphere of celeftiai matter, whofe influence in 
thefe and all other dedrfc experiments is the 
principle of attradtiiofi and approach^ as we have 

feen in the firft experiment. 

EXPERIMENT IX. 

When the prrme condudlor is charged, ap- 
proach it with a little cork ball, a downy fea- 
ther, or thiftle down, fufpended 6y a fine filk 
thread, which being faturated, will be repelled 
as in 2d experiment. If, while in rccefs, this 
light body be touched by a finger or wire 
point, it will be exhaufted ab per 3d and 8th 
experiments^ and the bail or feather having 
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afcpofited it« charge in the conduftiiig fub* 
fl^cci will from the jJreffiife of the influent 
toattef be drive to the prim6 conduftof 
for another ; and having been again impreg* 
tiated, will fromtht repulfion before etplajnedi 
m^tth to the finger^ and then go back as be- 
fore; Thus it will contmue going backward 
^nd forward between both, dcpofiting with 
one the matter it rcdcives from the other ^ the 
reafofl of all which is evident frorti the ift, 
ad, 3dj and 8th experiments. 

Again^ mftead of a conduaing fobftance, 
let an .ekaric of the refinous or fulphurous 
kind be CKcited and put in place of the finger 
or wire, and the effe^ will be the fame ; the 
ball will move between it, and the prime con- 
dudtor as in the preced'mg cafe. Now fmce 
all phaenomena are here the fame, the principle 
rf adiofi muft be the feme. But ii4 the fore- 
going cafe the finger aixi wire being cioddu<^ 
ing fttbda^eesy abforbed the emanating matter^ 
which the light body had received from the 
prime condnttor. Shall we not infer theiime 
of the rdfiftous body in the fccond cafe ? Pot 
iiltho* thifi bofdy be an dcdriG, it is not in a 
ftate of f^tlradoir^ amd may absorb the enanft* 
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fions f)roduced by vitrJous efc<Ski6S. If fo, the 
ph*nomefi« of thifi Experiment correfpond vi^ith ^ 
itid illuftrate !he ^rpettial motionof a domct 
fcetweea the fair and firmament, whofe efRi- 
' fioris mutuaJlj »bfoi*b ea^h otftetj e&ch fpecits 
^f matter bc'mg luftaihed and repleniflied by 
^hat it receives and afSmilatcs from the oppo^ 
fite fund. From si corrcrpondence of effefb 
^« might deduce t correfpondence of caufe 
4nd eoncliide^ that the refinou^ or fu^hurous 
lody abforbed the vitriotls ele^ic matter, which 
the light body carried to it fitoiti the prime con^ 
dudkon. But this we ttauftetAminemore deeply. 
Itt oMi Sth and yth IctStures we colteded that 
g1af» is a continuous body Ifron^Iy impreo'n^t- 
ed with fire, which is fhackled ddwn in its cdn- 
fiittrtion in slrl adhefive coiifolfciated Forni by 
the coercive principle : frofti itsftrong impreff- 
flation with the elafiic matter, and its firm 
feontitiuouss texture, it derives a power of tre- 
niour which veiHcates the eleiftric mattter 6( 
eofttiguOus aftd remoter bodies, from whertce 
this fluid gains motion to the frifted furfaces,. 
and thence to the prime conduiSlbr, as e5cplafn- 
fed iii the 5ih expetiment; but not having 
J)ores to tieille attd corJcodt the irtfluent matters 
into efeftrie matter, it i^ not f6 produdfcive of thiJj 
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matter as other bodies, but is well qualified to^ 
rouze it and to excite its motion from them : 
v^hence it is that glafs is always electrified plus 
QH the fide whereon this matter flows, tho' 
frequently minus on the other, when it does not 
partake of the lambent matter; for the in- 
fluent matter, prefling thro* it to the fires of the 
politive fide, brings bodies to^ and makes them 
flick to the negative fide, where they may re- 
main a long time before they receive as much 
as will caufe repulfion, except it flows from 
other bodies. On the other hand, fulphurs^ 
refins, and fuch opake bodies, being porous 
and of a fiery nature, are nK>re elaborative of 
influent mattecf, and eonfequently more gene- 
rative and produdivc of the eledkric matter 
than what glafs ts^ yet not fo coIIeAive of it 
from other bodies. The fertility of fuch bo- 
dies in this kind of matter may be judged of 
from their odorific power^ which alfo increafes 
when their . fires are fiimulated by fridtion. 
But fince they do not coUedt from other bodies 
as much as they generate of this matter, they 
are with regard to the received qualities of 
eledtricity, more of the negative than of the 
pofitivekind; becaufe, in fuch circumftances, 
the quality of the influent matters which they 


4. 


ORAVITATION, &d 311 

abfdrbi is, without any lofs of matter in the 
elaboration, greater than the repulfive or elec* 
trical kind they produce j for the influent matr 
ters are compofed of the eeleftial and the other 
fluids, which it carries with it into bodits, fuch 
as air, light, &c. $ whereas the repulfive eannot 
be more than is its confonant (ubflance, /. ^« 
light or fire. Now, if in a curfory way we 
would Judge of the proportion between the 
influent matter of the body and the elec^ 
trie matter it produces, let us confidcr the 
proportion of their fountains, i'. r. the concave 
fur face of the heavens and the convex of the 
fun, for thefe are the fources of the ifluent 
matters, to which the quantity, of each kind 
entering into the bodie% muft jbe proportional. 
Or other wife, let us, decide by the quantity of 
thefe elements concreted in body; now the 
eie£trical can be only as the quantity of fires 
in that body, with regard to the other matters, 
iirll, becaufe it elaborates in ihat proportion ; 
and . fecondly, the repulfive power cannot Ibe 
more than its adequate fubftance. Whenc^ 
the electrical or influent matter of body, dif- 
tinguiftied by repulfion, fl^ould be very fmi^ 
in refpea to the influent; but the itifluent 
matter is the caufe of preflure on body, which 
gives the appearance of attraction^ and theek^ 
Vot.iL Y 
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panfiTC emttimdoM are the Gti&k 6f ftsptilfioti^ 
Confequentfy thofe bodies wttich lire ib6ct ge-^ 
nerative of thft tnatter thdn tbnaSbv45 6f k by 
tretnour^ fticmid be more attr^i^vc tlian repul^ 
five! And becj^otSc th(fe ctleftial ifnilaent is pre- 
AoiBinant and abforbent of tlife ^xpanfivt ihiid^ 
the ele€brical matter of glafs may be abforbcd 
By a f cfinoas or falphmous ekdkric a« vf^ aS 
by a non-ele£fcrrc^ (v^hich expfeihs Xhtph^no^ 
iftenon of thfe experiment) uatft a balance is 
fbrmi^d ^ ^rid then, as in every cafe* wherfe ilht 
AtOiric mattet abounds fo rhuth in quantity aS 
to faturatc other bodies, a repdfeve ^wet WtH 
Cnfue, afi rferftarked in the ^d expcrinieni. T^hiS 
abforption (fcall l)e rttofe folly explained in the 
i^xt experiment with whid*i we ftrall Conclude^ 
for it lis umieceffafy to run mtd ia detail o^ 
others, whofe Mution H clear ftom the prin- 
ciples already eftabtithexl. 

EX P E RIM EN t X. 

' • . ' ' * 

I S an tictrnaet from pafpers pitfTemed to the 
Royd Society in 1759, by Mr. iSymrtier, con-* 
faining fifngiriat phaenomerria, wlitch h^ve fiot 
been folv«d by imy th*t)rjr Htherto invented^ 
hat which ftrongly ifliiftratc and" c6Woborat'e 
litirt. This gentleitran having btfen accuftoni- 
ed t^ wear tw^ pair of iHk Iftoddngs togdtlief , 
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to ivit^ ofte black And the oth*r white, tthiatk- 
cd, that in puflii^g thcfh off hfe hfe^rfl a cract- 
Itng, and in 4he dark p^refeivfed fparfcs drf firfe 
between them, which ptebnbmen^ gave \i\xk 
the idea of theiir beirtg etedrififed. He aftef^ 
Mrards foun<4, ihtX to eleftrify them at aflj 
thne, the ftockings being on, it "wai^ only nc- 
ceflaty to rub hk hand ieveral litncs over hife 
leg, then the dockings being dra^rt off, Tepl*- 
rated, and held at a proper diftahte fjom' each 
mher^ appeared highly eledrified; the white 
|>ofitively, and the black negatively^ whilft 
they were thus kept Separated, both were ft> 
tftflttted ^stofliew the full fliape oT the leg. 
Bat when a black and whfte ftotking were 
^efonted • to ta'ch oth^^ they virere mutually 
attracted, and w6ti!d, if perrti?tted, rufti toge- 
"ther with violence ; as they appi^darched, the infla»- 
tion gradually fubfided, and tfireir attr^dibn df 
foreign bbj^dts dimiAifliedj but their attraaion 
ijf eadi other incfeafed. ' When they dftiialiy 
•ttrt they became fl^t, and Joined clofe togethit 
lik6 fo many folds of filk, ahd When feparat- 
€d ^gain, the eleArie virtue did n6t feerti to b6 

in the leaft impdred/ Wh^eft' the expcrhrient 

was made xrith t^d blaek ftdcfelngs in 6ni 

hand, attd t*o White biieS in tlid <ithiirj btihg 

Y a 
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prefenred together, they were thrown into 
ftrange agitations owing to the attraction be^ 
tween thofc * of different colours, and the re- 
pulfion of thofe of the fame^ which mixture of 
attradtion and repulfion made the ilockings 
catch at eadi other at greater diflances than 
they would have done. When two black or 
two white were held in one hand, they would 
repel each other forcibly, fo as to make an 
atigle of about .30^. (Whence we fee thofe of 
a negative quality repelled each other as well as 
thofe of the pofitive). But when two of different 
colours were prefented together, . they attradted 
each other fo powerfully, that at onetime they 
required 10 or 13 ounces, at another time 17, 
/. e. more than the weight of the fipckings in 
order to feparate them. Having got the black 
fiockings newly dyed^and the white ones wa(h* 
cd and whitened in the fumes of fulphur, and 
put them one within the other with the 
rough fides together, it required three pounds 
three ounces to ieparate them, the attra&ion 
being always ilrpnger as the fiockings were 
mote fubftantial. When the white ftocking 
was put within the black, and the outfide of it 
j:ontiguous to the infide of the black they raif- 
cd 9lfc, and when the rough furfaceswere coa- 
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tiguous they raifed 151b, &c. From thefe great 
powers of electrical attraAion, it is natural to 
conclude, that as the agents of nature are as 
few as poffible, whatever be the caufe of thefe 
effects, is alfo the caufe of the cohefion and 
firmnefs of natural bodies. 

Now to interpret all parts of thefe experir 
nients, according to the conclufions clearly 
educed in the preceding ones, it is. evident that 
the ftockings being rubbed on the kg) were fa- 
turated by the ele£lric matter immediately, iflu- 
ing therefrom, which was replaced by the fame 
kind of matter coming from the earth, adly. It 
^ dear from experiment 2, that their inflation 
when feparated arofe from the emanations of 
this expanfive matter, which was compacted 
in them along their interiour furfages, the re- 
pulfionof that withii^ fwelling them as if they 
were blown up with air, and the emanations 
of that without caufing the phaeiiomena of repul- 
fion, and alfo the attraction of Ii|;ht bodies, as 
exp^io.ed in the preceding experiments. But 
why the eleftricity of the fame coloured ftock- , 
ings (houl4 be repulfive or pofitivc with regard 
tothemfelves, and at the fame time that of 
oppofite coloured ftockings attraftive, the 
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blf ;:|i; ^ipuig negative, and tbo white ]ppfitiv«t 
arc( inori extraordinary inftanctf of def^icity 
tb*n ^ny tlWit have yet occured. For in ^ 
tti^ ftpcl^nffi tbie fubfi^poe and texture is thft 
Umi^f where^i? vkriotus and te^oua fi^ftanced 
differ not only in colour, }M \^ fubfts^K^c f#4 

^ ■•■XI 

texture. We muft therefore conclude, that 
the cQiour& only, or the mattera which fuperm- 
duoed th^e colotira on filk, are the caufes of 
tbefe difierent pawefs. And this is aMa 
clear from the iacreafe of the efEe£t when tbs 
colour a we» ftrengthened or renew^ed : but 

this requiia further inTtftigatiou. 

• > ^ , ■ III 

A folar beam let into a darkened room, will 
make the fpot oh which it falls appear white. 
Refraftthis beam by a' triangular prifm of glafs, 
f the while fpot will vanilh, and a long variegated 

fpedtrum will arife of feven ftrong and bea,u- 
tiful colours. Then if all thefe different co- 
loured lights are again convened by a convisjc 
lens, the fpe^um will vanifh and be changed 
into a white fpot again. As thefe prifmatic 
colours arc fpontaneoufly and immediately 
formed froflj t^ folar beam ^y a, jungle re- 
fraftion,^ they ar« f^d to be original' colours ; 
^ but as, when. together in the ^^fiam before or 

after refradlion, they produce a white fpot. 
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f^oropfeer* 9gr^, Umt whit« ism f^"^ ^tltr 
tuco and rddf^en of ^ thoT^ jpoloura. Tb<9 
«}fo «gre9 tba^ t;tie natural coloiir of «9^ l^jf 
4fir<» from a power or tjUi^ojB^n in tt (o fUr 
fMk ^at kHid «f original ligbt* ^f «K9C»cp«- 
iotir the body ia. tbe wft bwng abforhcd h^ 
U. Biade titey oonfidftr « as a¥<^pti<m ^ 
dl cftbaes; 6ar« if jthe body rcflo^kd »U % 
IMMiary eokmrfi, it w^ld be white, if it r^ 
ieAed OUR or {i|Oi« ^ ^iWi>» i)t v/m^ be of 
Ibat cqkuor, <« of a fliads botweei) th^fe it; f^f 
ioBtcAi tbenefitre, re|ip6)^g oetiK, it mi^ abr 
(wb ail. Bxpstim^t fcatm to <;oDirt}i ^.bi^^ 
(for let 9. blade tfld » iD^hit? body qjc .the faioe 
10fid» fuppofe iw« tyleq bo aVI^e pofi^cd befor* 
the fun» the biads Q«e will be hot before the 
white is warm, ,wh*eb &eww» thajt the blac^ 
body iflceived the ipatttt of light into its fiikb' 
ftanoe, and iht wUte bbdy thsevr it off t^ 
icAeaion ^ loar heat and light ase here qo^* 
•4K>i{iitants. 

Mat \9« haw feei) in, the Si^ l^ure, that 
^vr cel^ial matter i^ ^ot «iiry the folar and 
gdereal plkbulwn, but alfo an abfotbent of 
hgbt, AS v«U in b94iea as i^ the j^fifi^ ijpaces. 
Vft bai b«f<?w, M"*. IV. ^ VI, fwalyzed three 
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three elementary matters, to twV, the inert 
tiiatter whith is void of all powers, the gravi- 
tating matter which is the principle of weight 
and cohefion, and light which is the principte 
of expanfion, &c. Thefe elementary matters 
we have feen. Left! IV. & VII, are concretes 
in all bodies, cdnttxtured in various pf opor-? 
tions to be judged of by the predominant qua-r 
lilies of each body. The celellial matter then, 
which is the abforbent of light, muft in black 
bodies be in the greateft proportion, while 
white bodies have fo fmall a Ihare of it with 
rcfpcdk to their luminous concrete, that they 
do not abforb, but refledt light. Again we 
have proved. Left. V, that the claftic and efec* 
trie matter are the fame principle, and this 
jprinciple we inveftigated, Left. VI, to be 
compofed of two matters, then denominated 
the expanfive and the coercive, but which 
in reality are the folar and celedial matters, 
the latter of which had not then been exhibit- 
ed. The ejedtric fluid then^ being compofed of 
thefe matters, is allied to thefe predominant 
principles in black and white bodies, or in 
thofe of any other colour. Again we have 

feen in the IVth & Vllth Lcfturcs, that the ele- 

• . • • 

mcntary matters, and other fluids, which enter 
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into the cocnpofition of body^ are affimiUted 
to its nature and partake of its qualities, th^ 
reafon of which appears in lem. 2.1e£fc. n. 
Therefore the cledlric ma^er of the white filk 
ftockings, muft be more repulfive than that of 
the black, each effluent fubftance being of the 
fame nattire with the matter or concrete pre- 
dominant in the (lockings, from which it tm^* 
nates. GonTequently the quality of the black 
ought to be negative, when that of whitcf 
is politive, for in this the folar is in the higheil 
proportion, and in that the peleilial matter 
prevails^ 

AgaiH) thefe matters are nutrtmei^tal, an4 
therefore abforbent of each other. Cpnfe- 
queqtly the emanations of eledlnc matter from 
the black and white ftpckings ntiufi^ like the 
the principles of thofe colours, be mutually 
abforbent and nutrimental to each other. And 
therefore when the black and the white (lock- 
ings are prefented to each other, the emana* 
tions of their eleflric fpheres being like their 
principles abforbent of each other, deftroy at-r 
tion and reaction in the intermediate fpace be- 
tween them by a njutual abforplion, while 
their cnianation? remaining unimpaired on lUe 
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outfide 9€t againft the influent omtccrs, which 
reaft againft the ilockiags, fo as to p^efs them 
together with the fofce ^marked in the ex|M« 
riment, wherewith they fold together^ bear 
weight, and exhibit all the phsnom^a of apr 
parent attra^ion : this may give fome lofight 
into the caufe of cohefion in bodies, which is 
encreafed by cold, a quality of our eelefiial 
matter. But on the other band^ when two 
ftockings of the fame goiour are prefeated to-' 
gether, their emanations, i^eing c^ the fanie 
quality and therefore not abibrbent of each 
<Aher, retain their expanfive vigour, wd \&t 
the faturated balls of the elc^ltrometer, are re* 
pulfive of each other, diverge ai^d ftand in 
recefs, until exhaufted of the expanft ve matter, 
wbich is the caufe of all the reputfive ph«aa-f 
mena in rhofe experiments. 
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|£Ie^rtcal Theory extended. Cauies of the 
Motion of the Moon and other fecondary 
Planets. Her Perturbations, the Precefiion of 
the Equinoxes, and Phaenomcna of Tides 
folved by our material Principles. 

IK the flrange agitations and vibrations of 
the different coloured flockings when prefent- 
ed together, w^ perceive the o^ufe of the per* 

turbation of liquors in the ilate of iMnentation 

» . • * ■ 

and chryftalization^ which ibme experimen-* 
taiifts pretend to explain by atfraSiovs and 

• 

voriical nMms of the particles of xxMitter. How 

particles of inert matter Ihould have thefe vor-* 

tical motions without fome additional caufe to 

give them a rotary motion, is bard to explain. 

And fach theorifts bring all the complications 

of the carthefian vortices into every fermenting ^ 

fltiid. But the truth feems to be, that a fcr* # 


4 
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menling liquor, like an clc6krified body, is im- 
pregnated and charged with its lively fires in 
the form of a frefti volatile fpirit, not fuflSci* 
ciently faturatcd or ftiacklcd down by the ce- 
lellial matter, which, as to a prime condudtor^ 
flows'to it more forcibly than it does to other 
bodies whofe fires are fettled and dormant, 
and in its influx it bears down fmoak and 
ftame to rcftore the equilibrium thofe fires de* 
ftroy. Whence it is faid the exhalations of fuch 
Kquors are heavier than atmofpheric air. 

The digeilive power peculiar to fire, and 
the confumption of its pabulum, are here the 
mean ipring of a&ion. A liquid blown up by 
lis expanficm, broken by the incidence, and 
born down by the preflure of the celcftial mat- 
ter the pabulum of its innate fires is the fole 
caofc of thofe vortical motions, without any 
other apparatus or complication of principles, 
except the emanations of the fun and firma- 
ment, which in their paffagc to the eartl> blend 
with the air, and are influent into all bodies ; 
and are here as well as every where i^lfe, the 
great material agents of all the operations of 
nature. From thcfc principles then an elabo- 
ration will continue until the fires are faturatcd 
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and (hackled down by this matter, and both 
contcxtured and tempered to the nature of the 
liquor to be produced. In this fermenting li- 
quor the nutrimental parts are retained, as is 
the cafe with air infpired by animals j and as 
in that cafe alfo the grofs, impoverilhed parts 
are excluded by the operation of the liquor, 
like the expirations of animals, or like the fa- 
miftied air that has pafled thro* fire. Such ema- 
nations therefore are more noxious than nutri- 
cious to animals, to flame, or to vegetables, all 
which therein expire for want of this nutri- 
mental part in their infpiral matter. Even a 
folar beam confumes this nutrimental part of 
the air ; wherefore, if a beam be incident on 
a fire, the latter will dwindle and die away for 
want of nutriment, fo that to preferve the vi- 
gour of tlie fire, it muft be fcreened from the 
fun (hine. Whence it is plain, that the ce- 
Icftial matter is the nutrimental part of the 
air, or that it blends with that fluid and gives It 
the quality of feeding fire. For when this 
matter and its qualities predominate, as at 
night, or during frofty weather, then fires are 
well fuftained by the influx of air, and burn 
brilkly ; but when this matter is abforbed and 
devoured by the fun be^m, which as well as 
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the fun is C6fi(iirftptivc of the ccfeftial tttalttt*^ 
the air thus ivtipovtiifhtd Is iitcapableof giir^ 
ing vigour to flame, and unqualified fdr tfihUt 
purpofes of nature. Httitt the dartger of iti- 
fpiring the reeent cffufibnis of oddViferotrs, ot 
copioufly effufiftg bjxlies^ where thefe is not k 
free circulation of air to recruit thefe ekhaiift- 
cd expirations. Hence fufficatiort from, tlie 
fumes of charcoal, &c. ; hence gaol diftem- 
pers^ the cataftrophe of Calcutta^ and nurti* 
berlefs calamities proceeding from the . in- 
fpi ration of impoverirtied air, which cannot be 
fialubriated without impregnations of the ce- 
leftial and folar matters in open circulation^ 
where both are blended together. 

From the unceafing efFufiohs of bodies of 
the animal, vegetable, and fluid kind which 
aficd the fenfes» and of which we have fpokeft 
largely in the courfe of this work : from the Invi- 
fible emanations of foflils^ which are fdUhd to iit 
fo copious and conflant, that the very hftrdtft 
of bodies, fuch a& polilhed fteel, glafs, ttt. 
cannot be brought into adlual contad^ \Vtt1iou't 
ft confiderable weight and preilion: in fihe^ 
From the prodigious evaporation of the waters 
of the earthy the exhalations of her owa 
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bodt, and all the bodies Ih^ contains, three 
inqimies naturally arife, which may lead to 
iiftpbriant dilcuveries. The firft is, what tap- 
plies the lofs which the earth fufFets by (bch 
cffufions of fubftance ? For the immediate in- 
fpiration of ber own expired matter, to judge 
from untverfal analogy and reafon itfelf. fliould 
feduce her vigour, fpirits and magnitude, and 
indiicfe the decay of her prodn£tioh3. But (be 
and all her bodii^& comparatively, afe now in 
vigour and powers, what they were an hun* 
dred or ^ thoufand yfckrS ago ; fiec our ift led. 

. The dftfwer 11$ obvious : th^ folar and ce- 
teftial mutters fupply thefe loflfes. The earth 
therefore and hdr bodies form another mart <rf 
traffic, their fires dtid digeftivfe powers being 
the mean fpring of action, as well k% the caufe 
of vegetation and pneumatic genemtions. For 
the earth and her bodied, With tlieir concrete 
fires, are the furnaces, retorts, and digefters oi 
nature, (vhereiii Ihbfe inHuent matters are both 
the fiiel and fubjed of elaboration. Their fo- 
lutions are the refulting juices, fpirits and falts, 
With the refpeAive cjualitics and virtues pecu- 
Ifer to each body to which thefe nutrimental 
fttbftances trere aifiniifeted, according to the 
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divine mandate of the Creator, which in all 
cafes is the. governing principle in nature^ 
Hence then a perfect union and transforma- 
tion of thofc fubftances into that of the bodyt 
to prcferve its qualities, texture, and elaftrcity. 
And hence again, thefc factitious airs lately 
difcovercd, with the expirations that ftand 
round each body. For thefe efFufing matters 
are excluded after elaboration, by the repul' 
five adlion of their own elaflic balis, as before 
fignificd,lc<Jt. 3. and the fucceffivc prei&on of the 
influent matters, which is fullained and en- 
forced by the centripetal fphere the celeftial 
matter forms round every body. The firft fo- 
lution of thefe matters feems to be the electric 
matter in bodies, furrounding their ftamina in 
a ftate of aptitude. to nourilh their contextured 
lires. And the excluded repulfive matters re- 
fulling from the elaborations afcend into the 
^tmofphere, whence a fecond queflion. 

adly^ From fuch fupply and digeftive power 
in the earth and its bodies, Ihould not the at- 
mofphere be prodigioufly encreafed ? For fuch 
production of the emanent matters that com- 
pofe the atmofphere, muft be in proportion 
to the magnitude of the earth and its bodies^ 
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MTith the quantity and vrgour of their fireg'; 
An eieftrified condu6tor will have a repulfive 
fphcre of eitianation, whofc depth is greater 
than its own radius. This rtiay be known from' 
the diftance between the faturated balls of an 
eledlrometer, whofe repulfive fpheres are form- 
' cd in an inftant. Now that the earth, whofe 
radius is near 4000 miles,* and which is fo re- 
plete with vigorous fires, as appear^ from 
its vegetative powers, vulcanoes and earth- 
quakes, (hould every inftant produce one of 
50 miles high, does not require a repulfive 
power nearly adeqliate to that of the balls or 
, other eledtriiied bodies, fo that in a day, at 
leall in a year, I will not fay a century or ten,- 
our atrnofphere ftiould fwdl-to'inahy thoufand 
miles high. But the lengths of twilight are 
found every year the fame, at the fame place, 
and with' the fame declinations of the fun. 
Confequently the atmofphere continues the 
fame in height and magnitude. It muft then' 
tranimit to the celeftial fpaces ihd redundancy 
it thus receives continually from the earth and 
its bodies. The atmofphere therefore is the 
medium of a reciprocal commerce between the 
heavens and the earth. Hence it is that the 
lEarth and its bodies retain their ftated magnl- 
VoL. IP. Z 


f 
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tudc and vigour : hence the matter of the uni- 
verfe is the fame now as at the creation : hence 
the truth of our fccond axiom, ledfe. i . with its 
illuftrations and confequences relating to the per- 
fcdtion of the univerfe and fufficiency of its prin* 
ciples, founded on the wifdom of the Creator : 
and hence, infine, the Divine Oeconomy ufed \vt 
the formation of the world ; for tho' Omnipo- 
tence could have formed or renewed at each 
inftant the works df the Creation^ yet the 
fame divine frugality that formed the retina of 
the eye without any fuperfiuous extent, and 
ordered the fragments of the bread and fifti to 
be gathered,^ that nothing (hould be loft, hath 
alfo difplayed itfelf in the creation of the uni- 
verfe, and, by a bounding (hell and fuftaining 
intercourfe between all its parts, hath prevent-^ 
ed the wafte and vain efFufion of matter thro" 
kifinite fpacc^and provided for the pcrmanen*- 
cy of his works by a mutual intercourfe and 
traffic of matter within bounded fpace, where 
corruptions are the fources of generatiwis,^ the 
fffufions and wafte of one kkid of body being 
the aliment and fupport of another. The efFu- 
fions of the futt and firmament are then to 
each other a reciprocal nutriment ; and both 
join to nourilh the planeta with the earth an* 
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its bodies, aiU which are rendered vigorous and 
fruitful, by a confumptioA and elaboration of 
thefe two influent matters to the form of our 
felaftic matter. This niattet being affimilated 
to the proper nature of each body, they efFufe 
it in the form of air, of a'nimil, and vegetable 
exhalations, fee. to refund to the celeftial bo- 
dies ai return for their (upplies, of which traffic 
the atmofphefe is the mediurn. 

5dly, If We Compare t^e fpheres of the in- 
fluent matter that furround the celeftial bodies 
with the eiterit of their repcrlftve erttanations j 
if we compare the quantity of fuel confumed 
by a common fire with the quantity of tfame 
it emits, or the e^tehfive current of air flowing 
into it with the fmali diflance to which its re- 
pulfive power (if it has any fenfible one) ex- 
tends, mufl: we not conclude, that to produce 
fuch quantities of atmofpheric air, the earth mu(t 
have an rmmcnfe confumption of celeftial mat- 
ter, fo that its centripetal fphere of this in- 
fluent matter muft be of very great extent^ 
and confequently higher than the moon ?' But 
without thofe confiderations, we (hould draw 
that conclufion from the perpetual revolutions 
of that fatellite about the earth i for we have 
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fccn, that attradion, without atn influent fob- 
ftanccy is either a niere abftraft idea or an in- 
confiftent itotion repugnant to reafon and ex- 
perience. Confequentty, the nioon is kept 
within her orbit by the centripetal fphere of 
our celefliaf matter, which preffes her towards 
the earth, and a£ts now with refpedt to the 
earth, as we have before explained of the pri- 
mary planets with regard to the fun. On the 
other hand, the flood of repulfive matter af- 
cending frorti our atmofphere into the heaven- 
ly fpaces, afting on her repulfive atmofphere, 
will caufe her recefs from Perigeon to Appo- 
geon, and the fame of the other fecundary pla- 
nets. And thus we have material caufes for 
the periodic motions of the fecondary planets 
of the fame powers^ propenfities, and proper-^ 
tionable efficacy with thofe which produce the 
periodic motions of the primary planets; 
which fimplicity, and familiarity of caufes and 
modes of adtion are the great objed and prin*- 
cipal fupport of any phyfical fyftem. 

It is faid, indeed, that the moonJias m at- 
mofphere, becaufe there is no refradtion of 
ft^r-light at her margin, nor floating clouds 
perceived on her diflc; and this might be 
thought an obje^^n. But from ' Newtonls. 
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rules, her matter muft be fuppofed like that 
of the earth, or fome of its foffils, all which 
have their innate fires. And we have no con- 
ception of any other kind of opaque or tranf- 
parent bodies than thofe we know. Now the 
moon being fo much expofed to the folar and 
celeftial fluids, (he mufl: alfo have her concrete 
fires : and thefe muft be nouriftied and fupport- 
cd by our influent matters, to prefcrve her tex- 
ture, and prevent the ruin which would arife 
from the devouring nature of her concrete fires. 
And this influent matter muft be the celeftial 
effufions that being the fluid which furrounds 
her, is conveniently placed, and is by nature 
nutritive to all forts of fire. Therefore it 
muft form about her a centripetal fphere, 
whofe quantity and dimenfions are proportion- 
able to he'r magnitude and fires. Thefe fires, 
like all others, have their digeftive and tranf- 
forming powers ; wherefore (he elaborates the 
folar and celeftial matters to refine and efFufe 
them again. Confequently the folulion of 
thefe two elementary matters of oppofite ef- 
fcnce, muft be a fluid endowed with both ef- 
fences in the form of air, with its' elaftic bafis 
and buoyant power fitted for treniour, all 
which conftitute it an atmofphere like ours, 
and a medium of cpmn^er^e thrq* which he^ 
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repulfive emanations afcend to th^ cekfiial i^s 
gions to repay tfa^e nouriihment (he thence re* 
ceives. When thefe elaflic enGianations then 
flowing from the earth and moon meet in op- 
pofition to each other, will iiot tlieir repulfioi^ 
make the leffcr body recede from the greater, 
as an eledhrified ball from a chairged conduc* 
tor, not diredtly back like that ball or a comet, 
but obliquely in a gliding recefs from Perigeon 
fimilar to its accefs, as ejcplained in the prima* 
ry planets ? 

Jt will be allowed, that the earth tnd moon, 
zs well as all fpheres, are iimilar bodies, as are 
alfo their centripetal and repulfive fpheres. 
Their compofition from analogy is alfo the 
fame, therefore the depth of their atmofpheres 
are alfo proportionable to each other refpec- 
tively. jSince then the earth, whofe radius 
may be rated at 4000 miles, has an atniofphere 
which is only computed 40 or 50 miles hi^h, 
the moon's atmofphere is fcarcely i a, allowing 
her radius to be 1000 miles, and as at her dif* 
tance this radius is reduced to an angle of 15 
minutes, the height of her atmofphere fliould 
appear an hundre4 times lefs, fuppofe of 10 
feconds of a mipUte, which is not fo confpi- 
cuous as a fquare inch of pure cobweb at the 
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diftancc of two furlongs. Therefore, altho* 
the moon, from thccourfe of nature, muft have 
an atmofpherc, it cannot be perceived by aftro- 
nomers. And without confidering the moon's 
concrete fires, her ufe in nature (hews the ne- 
ceffity of a repulfive atmofphere around her; 
for fince, according to Newton, the repulfive 
emanations of body are . more refledtive of 
light than the bare furface of its matter, which 
may abforb a part, the moon being an opaque 
body deftined to fupply the place of the ab- 
fent fun, by a refledion of the folar light to 
us, Ihould be f urniftied with a repulfive atmof- 
phere, and indications of this are perceived in 
her dilk ; for how otherwife when totally en- 
veloped in the earth's Ihadow, as I faw her 
£pr above three hours in March 1783, could 
(he exhibit all the time of her immerfion the 
brilliant hue of an unfuUied copper halfpenny, 
juft frefti from the mint? And what elfe but 
the refradliom caufed by her atmofphere will 
account for the fudden immerfion of flar at 
her limb ? 

We have already remarked, that atmofpheres 
of this repulfive warm matter, are pf the fame 
utility to planets as wool, hair, fur, and fuch 
cloathing are to animals; for thpy molify 
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the rigid cold of the celcftial matter, and rer 
•duce the extreme preffion thereof by an abr 
forption of it, as is the cafe when a fire is 
kindled in the fun ftiine; for the beam confum- 
ing a part of the influent nutrimental air, makes 
the fire dull and feeble. So the celeftial matter 
in pafling thro* an atjnofphere, i3 tempered by 
a redudipi> of its rigi4 afperities, and becomes 
better ^qualified for terrefjlrial purpofes. Be- 
fides, by prefenting a greater volume to the 
preffure of the celeftial matter, it increafes the 
cfFe6t of that fluid on the planet, whereby it is 
retained in its orbit. The centripetal fpherp 
about planets, is alfo favourable to this pref- 
fure; for experience fticws, that the celeftial 
matter pervades all bodies freely, whence thp 
tenet with regard to gravity ; the fiery con- 
crete, in particular inherent in bodies, rather ac- 
celerates its ingrefs by rarifaftion anc} con- 
fumption than oppofes it : wherefore it is its 
own fpecies both influent into bodies and con- 
textured in them, that is the chief obftacle to 
its free paflage through them; for different 
kinds of matter may be abforbent and aflimi- 
lative of each other, and therefore penetrative 
of each others fubftances, and accelerative of 
each others motions, as we have faid of the 
folar and celeftial matters; but two parts o^ 
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Ae fame fpecics cannot abforb or affimilate, 
but arc refiftive to each other, as we have feen 
an the eledtrified (lockings of the fame colour, 
and the emanations of poliflied bodies, which 
are refiftive of light. Hence we faid, that 
fuch efFufions fent from the earth and its bo- 
dies to the celeftial fpaces in exchange for their 
matter, fu^ain the commerce and traffic that 
fubfift between the bodies of nature, preferv- 
ing their vigpur and magnitude, and in afcend- 
ing thro* the ajmofphcre, carry up with them 
fmoke and flame, whiph are nearly, if not 
precifely of the fajne nature with them. This 
fuggefts a pofitive caufe of the accent of fuch 
light fubftances very conformable to our fyftem 
which delights not in negative caufes. The 
pppofing parts then of the celeftial matter alfo 
form an a£hial refiftance to each other's mo- 
tions, in which the leffer yields to the greater 
forge : but the nether half of the moon's cen- 
tripetal fphere of this matter is in oppofition to 
that which paffes thro* her towards the earth, 
and therefore refifts it, which by the law of 
adtion and readtion, expreflcs the force where- 
with ihe is preffed to the earth. But halves 
are as their wholes; therefore this half of 
her centripetal fphere is as the whole, that 
is as her quantity of matter. And the fame 
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may be faid of the earth's preffure towards the 
fun, and of every body or particle of matter, 
with regard to their centripetal fpheres, in re- 
fpeA to the neighbouring body in whofe cen- 
tripetal fphere they are contained. For there 
is not a particle we can conceive of any com- 
pound body, or that can be taken or ft ruck 
from it, but has its concretes of the folar and 
celeftial matters, and therefore has its centri- 
petal and preffive fphere of the celeftial fluid. 
Therefore, every body has the fame in pro- 
portion to its quantity of matter, fo that the 
preffure on the moon, and all other bodies an- 
fwers to the law of gravity collefted from ph^ip- 
nomena. 

We have now afjSgned a centripetal and a 
centrifugal caufe, ading on the moon and other 
fecondary planets in the fame proportion, 
mode, and propenfily, as do thofe forces of 
the fame principles which make the primary 
planets go round the fun. But the primary 
planets move round prbits that are permanently 
ftationed, and are urged by forces that have a 
conftant fupply of the adtuating fluids, without 
^ny failure or lofs of thefe principles at any 
part of the circuit they dcfcribe, i. e. the re- 
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turning paths of each primary's circulations^ 
^re coincident in all parts. And hence it is^ 
that their orbits may be ftiled ftationary, and 
the revolutions of each are performed in the 
fame periodic times. This alfo would be the cafe 
with the fecondary planets moving round their 
primaries, whether thefe were at reft or in moti- 
on, if their periodical paths were in that manner 
permanently fuftained in all parts ; becaufe the 
orbit of the fatelite is comprifed within the 
centripetal fphcre of jhe primary. But the 
cafe is otherwife, the centripetal fphere of the 
primary ijs not equally fuftdned at all parts, as 
that of the fun is on all fides by the firmament^ 
which furrpupds him IJke a fpherical (hell. For 
in the fyzigia line there is a vaft difference be- 
tween the forpes that fuftain and fupply the 
earth's centripetal fphere, in oppofition and 
conjundion, between which points it ap- 
proaches to the form of an egg. And tho* the 
moon's orbit had been originally a circle, the 
caufcs which change the earth's centripetal 
fphere \o the form of an egg, would make the 
lunar orbit a feftion of it or an oval curve. 
Two or three examples will prepare the mind 
for this conception. 
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If a ftone be thrown into fettled water, the 
emerging waves will fpread out and difFufe in 
perfect circles ; but in cafe of a ftream, altho' 
they flow againft it, they will be affefted by 
the water's motion, fo as to go more with the 
ftream than againft it, and therefore will not 
fjDrm perfeft circles but ovals. I do not fay 
cUipfes ; becaufe the motion of their expand- 
ing waves jvill be retarded going againft the 
fireara, and therefore of a figure more bluntly 
round; whereas they will be accelerated on 
the fide where the ftream confpires, and there- 
fore of a more acute figure on that fide. 
Again, found is faid to be propagated on all 
fides of a ringing bell, by the air which flows 
off in the form of fpherical fliells that are con- 
centric with, ai)d expai^d as they recede from, 
tjie founding body. Doubllefs thefe will be 
, fpherical in fettled air j but if a wind arifes, 
they. will, inftead of being truly round, get an 
egg-like form, whpfe broad end will be againft 
the wind, which retards its motion on that 
fide, and I apprehend, experiment will prove 
alfo, the oppofitc part of the founding fpecies 
will be fartheft from the bell, being urged on 
by the wind. The fame m^y be faid of the 
centripetal fphere of air that furrounds a fmall 


GRAVITATION, &c. 349 

fire, when placed within the limits of that 
which flows to a large ftrong fire. The fpace 
between both has a conftant fupply of air from 
the atmofphere that feeds all the fires it 
contains ; both fires therefore receive air 
frofti the fpace between them, but the air of 
the intermediate fpace wants of that native 
vigour it has abroad. And as this fpace is com- 
prifed within that, all whofe air tends to the 
greater fire, the centripetal fphere of the 
fmaller fire muft alfo ftretch that way : and fo 
in like manner does the centripetal fphere of 
the earth tend towards the fun, and gain an 
egg-like form, which confequently muft afFedt 
both the figure and pofition of the moon's orbit. 
For let S (pi. 3. fig. i .) reprgfent the fun, T the 
earth, ©©©© ^he moon's orbrit with CLCRO 
the earth's centripetal fphere. The moon in 
conjunction, muft yield in the diredtion of the 
partial cone -, QC R S of the celeftial matter, 
whofe tendency is to the fun, whereby her dif- 
tance from the earth will then be increafed. 
But at her quadratures Q^ R, that diftance 
will be leffened by the adkion of the compleat 
cones X & Y, which in preffing to the fun^ 
will prefs her towards the earth. And tho* 
the fruftum F adting direftly at O, ftiould 


350 E L E C T R I C I T t, 

leem to flatten the orbit in oppofition^ yet its 
|irefliire there is not fo great as are the prefiures of 
the compleat cones at the points QJz R^ which 
are nearer to the fnn than Q, by the radius of 
die earth^s centripetal fphere. But there is an 
additional caufe why Ker diftance from the 
earth will be iAcreafed in bppofition, which 
will be underftood firora the following obfer* 
vations^ 

Suppofe two fxxlies joined together by a 
contractile line, which may be affe£fed b^ 
the fmalleft force, fuppofe that which carries 
a feather to or from an eledtrified body* Thus 
joined at a proper diftance from each other, 
iet both bodies a^pat on the fettled water of a 
][)ond, or any large veffel moving either in a 
parallel direction, or one about the other, ac- 
cording to a certain law. The fefiftence pe- 
culiar to water is not here admitted ^ becaufe 
the ftuids we have in idea, and wherein the 
planets move, arc both the vehicle and caufe 
of their motions. While the water, then, is at 
reft, and fuftained equally on all fides, the bo- 
die* will continue their motion at a proper dif- 
tance from each other, according to that law^ 
Now bore a hole in the vcflfel,^ or cut a paff^' 
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in the pond for the water to run thio*. White 
the bodies -arc thus revolving about each other 
at their proper diftance, that which happens to' 
be next the perforation will immediately follow 
the ftream and recede from the other, and con- 
tinue to increafe the distance between them^ 
until the other gets into the ftream aifo, and 

partakes of its motion :- in this firft cafe^ we 
fuppofe the line between them to be in the dr- 
re£tion of the ftream, /. e.^ as it were, in fyzigiesw 
Now, in the fecond cafe, let the line betweea 
the bodies be rectangular to the ftream : here 
it is evident that both being equally affected 
by the ftream, they will move alike towards 
the perforation ^ but in their approach thereto, 
the diflance betv^een' them will diminilh by 
the converging motion* of the ftream ; and fo 
it happens with the mooA and earth when ftie 
is in either of the quadratures,, and confequent- 
ly if ftic be then in her Apogeon, the excentri-^ 
city of her orbit will be diminiftied. 

Again, let her apfidesbe in the fyzigies, when 
(he is cither in conjundlon or in oppofition^ 
and that exccntricity will be increafed. That 
it muft be fo, if ftie be in conjunction, we faw 
before an account dF the partial cone Q^ R S; 
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of ccleftial matter, which has a motion to the 
fun, like that of water to the perforation. And' 
for the fame reafon, if (he be in oppofition,- 
the earth being then next that flowing cone, or 
Reared the pcrforatioh, muft recede from her ; 
fo that in either the diftanee between the moon 
and earth will be increafed when the moon is in 
the fyzigies. Therefore in this line (he will ex- 
ceed her proper diftance from the earth, but 
in quadrature (he will come nearer to the earth 
than her proper diftance. Gonfequently in: 
the intermediate odtants (he will recover her 
diftance ; and by this contradkion of her orbit 
in the direftion of her motion her Appgeon 
will gain a progrelfive motion, fo as to com- 
plete a period in about nine years, not with- 
ftanding fome recefs thereof in the other odt- 
ants, when approaching the fizygies by encreaf- 
ing her diftance, which recefs is counterafted 
by her own progreffive motion. Thefe are the 
only perturbations the moon would be fubjedt* 
to were her orbit coincident with the plane of 
tlie cclyptic. But the plane of her orbit is 
inclined to the plane of the eclyptic, by an an- 
gle of ^ little more than s^. Now, becaufc 
thefe cones 6f celcftial matter, which affe£t hei' 
rnpre(fing to the fun, converge towards that 
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JDlane, they will aft obliquely oh the plane of | 

her orbit, fo as to afFedt its pofition and dimi* 

nifli her latitude, cfpccially when the nodes 

^re about the quadratures, for then (he will 

have her higheft latitudes in the fyfigies, and 

thig will be lefleried' by that convergence which 

prevails thro* tKe deficiency of the partial cone 

Qj R S. in h6r approach then to the plane 

of the eclyptic, flie will defcend motfe difedlly, 

and to d point in tKe eclyptic mdre wefterly 

than before, atid will therefore make a node 

y nearer to the fyzygy (he has left, than in hct 
preceding revolution • 'f Husl her node-line ac- 
quires a retrograde motion, until it falls iiitd 
* the fyiygi^s, ^here it will be itationary for 
fome time, becaufe the difturbing caufes thp»''* 
aft in the cp'ntinuatiori of the plane of^her orbit 
as well as in that of the eclyptic j for which rea- 
fon the pofition of her orbit and her latitudes 
wjU not be difturbed during this revolution, 

■ nor much for fome revolutions immediately be* 

. fore or after. However, as in the time of 

each revolution (he mull attend the earth, 

which is moving eafterly, (he will* thus leave 

the fun to the weft ^ and as the cones that af- 

fcft the pofition of her orbit prcfs towsKrdd 

him, her node-line will again from their prc£-^ * 

Vol. II. A a 
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fore acquirfe that pofition with the fyzygic* 
that will renew its retrograde motion, where- 
by it finifhes its period in the courfe of aboxxt 
19 ycarsr 

By the fame principle of motion the pre- 
ceflion of the equinodkial points may be ex- 
plained, by which the ilars change their ion* 
gitude; It is proved by obfervation and ex- 
periment, that the equatorial parts of the earth 
are 17 miles higher than the polar. Again, 
the pkne of the equator 4s inclined to the plane 
of the ecliptic by an angle of 23^ degrees, 
which would admit of an aflion of our ce^ 
lefiial matter to change this declination more 
than that which changes the moon'is latitude, 
were both equally diftaitt from the earth's cen- 
trcy in the proportion of the fine of %%^ 30' to 
that of 5** I y : but from afFc^ing altitudes^ 
this prefiure is above 1 4000 times greater on 
her. Wherefore, if fuch preffure does not 
change her latitude very fenfibly, that which 
diafiges the equatorial declination ihould entire- 
ly vanifh ; ^et/as it is found by comparing toge- 
iher ancient and modern obfervations, that there 
js a recefs of the equino<5iial points at the rate 
^f a d^ree in 7e y^aiB ifmikf to that <^ tte 
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lunar nodes, whereby they defcribc 360^ irt 
19 years, both being fubje^t to the fame prin- 
ciples of adion, and no other being ad miifible 
without a nnultiplication of caufes to produce 
like effeds ; we niuft conclude that both re- 
troceffions arife from the fame caufe: and as that 
of the lunar nodes \s chiefly effedted while (he i^ 
in or near quadrature, fo this of the equinodtial 
points is performed chiefly in or near the fol- 
ftices, by the eafterly motion of the earth, both 
diurnal and annual^ which leaving the fun, unto 
which our celeftial matter prefles, to the weft^ 
every t&& arifing from fuch preflure mud in* 
dine that way, and therefore the equinoAial 
points, as well as the hinar nodes, muft turn 
to the weft, or move contrary to the order of 
thefij 


The elevation of the land at the equator^ 
which caufes the foregoing efiTcA, hai beeci 
fuppofed by fome (diilofophers to proceed froni 
the centrifugal force there ])artictdarly preva^ 
lent. The whirling motion of a fabdiy will, 
indeed, make water recede from its axis, and 
therefore it is faid^ that the waters of Xht earth 
flow to the equator ; and doubtlefs they would 
«over the whole tonid zone, if the bads Wei^ 

A a a 
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not higher than the elevation produced by thia 
conflux. But the lands are not fluid; why 
then ftiould they rife at the equator ? It is fup- 
pofed indeed that the earth was in a fluid ftate, 
when the diurnal motion was imprefled. But 
this is hypothefis, and a treatife of phyfics 
(hould be grounded on fads, not on the arbi- 
trary conceptions of any man ; at leaft ours 
(hall be founded on what we fee and know 
from experience. All the bodies of nature we 
have feen, were made perfect and complete at 
their firft formation ; we therefore conclude, 
that the waters were gathered in their proper 
refervoirs, and the earth framed in by its 
mountains and rivetments, which fix iflands 
in their places, and bind continents together^ 
before it got a diurnal niotion j otherwifc, 
that work which came perfect from the hand 
of Omnipotence, would have continued per- 
haps to this day a whirling chaos. Let us 
therefore confult the operations of nature few a 
folution of this qucftion, confonant to the real 
ftate of things. 

The folar and celellial effufions with inert 
matter are concretes and conftituents in every 
compound b6dy. Thefe matters we have feen 
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abforb each other ; and experiment (hews, that 
H conco£ting beat contributes to connect them 
all together. Now more of the folar matter 
comes to the torrid zone than to any other part 
of the earth ; therefore there is a greater concoc- 
tion of thofe matters there than at any other 
part of the earth's furface. . Confequently, the 
lands of the torrid zone Ihould be the higheft 
iQ the world, as well as its mountains, as they 
are really found to be. 

Again, as to the caufe of levity there, we 
may fay, that the refledtion of light from any 
body is as its incidence, in the quantity as well 
as in the angle ; therefore the loweft region of 
the atmofphcre there will have more of this 
reflex light, and it will rife higher there than at 
any other part of the earth. If not then from 
its refiflive power, at leaft by its abforption, 
this reflex light mull diminifh the prcffure of 
the celeftial matter there, but not fo much as 
it impoveriflied the air coming to the fire. 
However, the afcent of this reflex light may be 
an additional caufe for the defedt of gravity in 
thofe parts in refpcd^ to the frigid zones. But 
there is another caufe to be obferved relating 
to pendulums that creates a difference with 
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rtgard 16 the times of yibratlon in thofe dlfftr- 
cftt pifts of the world. For a fliort pendtr- 
luto win tttake a vibration in Icfs time than a 
long one, And it is well known that the di- 
IflettfitJhs of body expand by heat and conltad 
hy Cold : therefore the regular pendulums of 
middle latitudes may lengthen at the equator 
by heat, and (horten at the poles by cold, as 
much as obfertens of true time find it necef- 
fary to ftretch thcpi in the frigid ^one, or 
fliorten them in the torrid. This may alfo 
afteft the dimenfions of the different parts of 
the eartb, fo as to make the equatorial radius 
greater than the polar one by 17 miles; and 
beiidesy if the equatorial parts are higher thro^ 
an excels of folar eiSTufions, the polar parts 
ought to be lower thro* a defedk thereof, not 
only to concoft the celeftial matter in the frigid 
^ones, but alfo to reduce its preflure there. 
This preflive power, without any centrifugal 
force, would be fufficient to fend the waters 
from thence to the equator, where the preffure 
IS leiTs/ The centrifugal force indeed may 
have fbrnc effeft 4 but that the difference of 
that preffure on the earth's furface is the fole 
caufe of the ifloods and ebbs of the fea, will 
now fully appear. 
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We have fcca ttot the centripetal fphcres of 
«ur cdeftial roattert which furround bp4iep, W 
in the compound ratio of their magnitjidcs an4 
concretp fires. Coafequcatly, thjit of th§ fyn is 
imtnenfely larger than that of the earth ; and 
the cencripetad fphcre of this matter, which fur- 
roundp the earth, is much greater than that of 
our moon ; yet this laft is fo large 83 to reduce 
the preflure of any cone of this ede(lial matr? 
tcr on the earth's furface. For we h?ve feen 
that thoTe fpheres are refolval^le into cpnes whidi 
prefs furrounding bodies to the central one* 
Again, as the primary planets within the fun^s 
centripetal fphere revolve about him by fuch 
prefliire, fo the fecondary planets revolve about 
tbek primaries by the preflure of the cones of 
the centrip^al fpheres around thefe primary 
planets. Furthermore, as any primary reduces 
the quantity and preflure towalrds the fun of 
any cone of this matter, which it abibrbs, con- 
fumes or transforms, fo does the fecondary af- 
fed the matter wherein it is eovdoped with 
refped to its preflure on the primary. There- 
fore, as the a^ion of the partial cone QlP ^ S, 
fig. ift. is lefs on the fun than that of any com- 
plete cone X or Y of its centripetal fphcre, fo 
the aOion of the partial cone q c r T, fig. ^, 
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will be Icfs on the earth's fiufacc than that of 
any complete cone x or y of its own centrk 
petal fphcre. But that the adion of the par-' 
tial corie QJ2 R S is lefs on the earth's furface, 
is evident from caufc and efFedk. Firft, its 
quantity was reduced by the earth's confump- 

tion ;.and again the moon's orbit yields incon- 
jundtion, not being fuftained by that cone ; fo 
adion and readion being equal and contrary^ 
gs much as it wants of readtion to preferve the 
figure of her orbit, fo it wants of aSion on the 
fun's furface : and fo alfo will any partial cono 
q c r T in the earth's centripetal fphcr^ want 
of prefTure on the furface of the ocean in re- 
fpcdt to any other of its cones. Confequently 
the. fwells and floods of the ocean mud be re- 
gulated by, and be attendant on the moon's 
motions round the earth, fo as to rife under 
her as in a pump thro* a defedt of preflure. 
And this is the fadt found by experience, with 
this difference, which is ufual in material ope- 
rations that the efFedl follows the caufe. The 
waters therefore of any meridian rife fome time, 
after (he has been there, and flow after her as 
(he recedes from the different meridians to- 
wards ihofe parts of the earth's furface to which 
(he is fucceffively vertical in her daily and 
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monthly motions. Moreover, on account of 
the dcfcft of preffure in the partial cone Q£RS 
between the fun and earth, both in a£tion and 
reaction, the waters wHl rife fomewhat in the 
univerfal meridian and follow the fun ; fo that 
from both caufes concurring together, the tides 
are higheft at the conjunctions and oppoiitions 
of the moon j but will be leaft in the times of 
her quadratures, when the quantity afcending 
to both luminaries is fpread thro! a greater 
fpace, as it were in a wide veifel in refpedt to a 
narrow one. 

Thus fiar, if wc abftraft from the difference 
between a real known caufe and an ideal pne^ 
our theory agrees with that of attraction. But w^ 
mud: depart from the reafoning of that fyft^m, 
both as to the caufe of a fecond tide in 24 
hours, and as to the extent of the fwell from 
pole to pole. To begin with the latter attrac- 
tion between two bodies. Is conceived to a£t in 
a line between their centres ; that between the 
fun and planet^, for inftance, a6ts in the line 
called the radius vedtor, and were the moon 
even in contaft with the waters, her attrafting 
•power, to judge from ijniverfal experience, 
Ihould only raife the waters fo far as the ex- 
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tent of her body $ for aa horfe vi^htn drinking 
0tAy raifes wtutt w%hx goes into bin mouth, 
and n pun>p, t (iringe, qr a citpiUdry tube, 
only raifes water to the extent of it*$ aperture. 
But at her prefeitf diftance, the polar watcT/s 
are in a quadranttle fitmation, foofietime^ mope 
and fometioKs left, according to her declina- 
tions, and therefore, according to the principles 
of attrafkion, fhould be always d<^refifed ; and 
even nearer the equator, it is fonaetinaes not 
eafy to reconcile their elevation with thofe 
principles. As for inftance, during the winter 
folfticc, let the moon, then fuppofe in con- 
junAion, have her greateft latitude, ihe would 
then have a declination of near 29? S. Con<- 
fequently all plaoet ii>ore than 50** N. L. would 
be in or fjear a quadrantile fituation with re* 
fpeA to her, how then can diofc places in our 
hemifphere and latitude have a tide during the 
day, even allowing them to have an oppofition 
tide during that night ? But in our fyftem the 
moon's centripetal fpherc, wbofc dUmeter muft 
^ at kaft 20 times the diameter of the earth, 
ttndr may be vaftly more, has amplitude enough 
'to reduce the prefliire on water to the extent of 
the earth and beyond it. • 
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Again, as to the fecond tide^ where there is 
fuch a gravitation to the earth, as gives the 
waters of the ocean a fphericai form, and alfo 
an attraction of cohefion whereby thcfe waters 
ftick to the earth, it is ftrange that the attrac - 
tion of the moon (hould adt fo powerfully, not 
only on the earth's centre, but upon all ftrands 
and coafts, as to draw them down below the 
Waters, and thus produce a relative elevation 
of the latter, which in fadk is the real expla- 
nation of the 2d tide by attraction. But hav- 
ing refuted the principle, it is neediefs to dif- 
cufs the folutions founded upon it, let us there- 
fore feek for a caufe of the 2d tide, conforma- 
ble to nature and experience. 

Suppc^e the moon in oppofition and vertical 
to the iiland Otaheite, or there-abouts, in tlie 
great Pacific ocean, the fuperiour prelfure of all 
the complete cones of celeftial matter that ad 
on the earth's furface, woukJ drive the waters 
from the weftem coafts of America, the eaftcrn 
coafts of Afia, the Ladrone iflands, New Hol- 
land, and the fouth pole towards the partial 
cone under the moon, at the middle part of 
that ocean where the preffure is lefs, fo as to 
fbnh an high tide at Otaheite, and all round 
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that clufter of iflands. The fun would then 
be vertical to the central part of Africa, and 
for the fame reafon the waters of the Atlantic 
would be driven from the coafts of America, 
and thofe of the Indian ocean Ihould be driven 
from the coafts of Afia, New Holland, and 
more from the fouth pole to the coafls of Af- 
rica toward the partial cone under the fun. At 
that part of the world then and its furround- 
ing coafts, the waters muft rife thro' the defeft 
of preffure in that partial cone, for which rea- 
fon the tides are high along thefc coafts. ' Now 
if thefe luminaries recede from thefe places, or 
yanifti, will not the waters to reftore the equi- 
Jibrium they had loft, by their being fo colleft- 
cd and thus heaped up, fall to their own beds, 
^nd f ven defcend lower there, fo as to leave 
naked and dry ftrands about that clufter of 
iflands and the coafts of Africa, and by the 
force of jthat defccnt, be driven as it were like 
a pendulum, fo as to raife other parts of the 
ocean to the fame height on the coafts of Af>a 
and America, from whence they were before 
driven, and where they muft now ft op, being 
hemmed in by the latter as far fouth as Cape 
Horn, and by Afia and its iflands, as far as to 
the fouth of New Holland, and if there be any 
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other lands more foutherly ? And here again, 
Mrhen they rife to their greateft heights, muft 
not they fall back again and rife to their for- 
mer elevations in the midiile of the Pacific 
ocean, and the coafls of Africa, by that vi- 
bratory motion, efpecially as water is elaftic ; 
(fee our third ledt.), and fo like a pendulum, 
continue thefe vibrations in going over thofe 
fpaces of near 90^ each, whereby the fpherical 
figure of the ocean, when ftagnated, by the 
rarifadtions of the fun and moon, becomes an 
oblong fpheroid, alternately pointing to, and 
falling from them every 1 2 hours ? So the cir- 
cular periphery of a large bell, by the ftrokes 
of its clapper, becomes an interbanging ellypfe, 
wbofe longed diameter changes to rectangular 
pofitions; as do thofe of the fpheroidicai 
floods, whofe vibrating fpaces are as near 90^ 
as the barriers of the earth will admit of: 
confequently the intervals of time between the 
returns of fuch tides to the fame places, fliould 
be about 12 hours, when fo attendant on bo- 
dies that go round the earth in 24 hours. 

But the vibrations of a pendulum will leflen, 
and at length ccafe, if they be not renewed,^ 
and after they are renewed by a touch of the 
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finger, they will continue for fomc time, an4 
leffen as before ; yet by a ftroke, time after 
time, its vibrations will continue for any length 
of duration. So the bell, by two ftrokes of the 
clapper, will get the vibrations of a changeable 
ellypfe^ which will alfo lefien and ceaife if not 
renewed now and then j -and if the place of the 
ftroke is changed regularly round the bell, the 
rectangular diameters of its changeable ellypff 
will follow that order; for every eflfe^ will 
follow its caufe. So, after the fpheroidical fi- 
gure of the waters is fornied by the oppofite 
pofition of the fun and moon ; if both (hould 
vanilb, the waters berag dlattic, (fee III. 8^ V. 
Ledtures) would vibrate in their fpheroidical 
change of redangular diameters, and continue 
for a while j but in fome time, like ihofe of the 
bell, their vibrations would ceafe, but would^ 
again he renewed by the return of cither 
caufe. Let the moon only return and fol* 
low her courfe, and her prefence will keep 
up thofe fpheroidical vibrations of the wa- 
ter, whereby they rife and fall in the 
fame places every la hours, /. e. 6 hours falling 
and as many rifing thro* thofe fpaccs of 90^ 
each : and the reftangular diameters of thia 
changeable fpheroid, (hall follow the order of 
her motion, as*did the reftangular axis of the 
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changeable cllypfe follow the ftroke of the 

hammer round the bell. And tho' it were pof- 

fible for the order of the latter to change, it 

is impoffible for the order of the former to 

change, efpecially in thqfe oceans which are 

bounded by thefe meridional barriers, where 

the power induced by her prefcnce is renewed 

fucceffively every 24 hours, or at every fecond 

tide. Now what can the fun do here, whofc 

power is much lefs th^n her*s, but to unite 

his cauf^ with her's, to crofs it, or to oppofe it 

direi^ly? The ill makes no alteration but to 

^lereafe that flood that follows h^ by the 

union of both powers, which (hall be together 

exerted in every ocean 4n the courfe of onb 

day. A feparation of tbofe unequal powers 

at or near a redlangular pofition, will ferve but 

to leffen the floods, whofe conatus muft follow 

the greater power ; and if there fliould be any 

other flight change thence arifing, the ncact 

bppofitipn will regulate them, and renew the 

oppofite tides in thdr proportions as at firfl:. 

Thus all the motions of the feas are wound .up 

every 1 5 days, and .perfeftly regulated at evc- 

ty full moon. We mind not the difference of 

time wherein tides happen on the fame coafts, 

in gulphs, bays, ilreights, or inland feas, they 
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ztc but moveable parts of the fame body of 
waters, and their limes depend on their pofi- 
tions and diftanccs from the great primary 
floods, which may increafe or dirtiinifW the num-^ 
ber of vibrations, and thus multiply, accele-* 
tate, or retard tides in places complicated with 
iflands, afKl communicating with different feas^. 
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SECTION in. 


The Phaenomena of Gravitation, and thofe 
imputed to Attradtion of Cohefion folved by 
the fame material Caufes. 

We are now fully prepared for the folu- 
tion of Gravity and Cohefion $ for having feen 
that every body in nature, or even the moft 
minute particle that can be flruck off or fepa- 
rated from a body, contains its proportionable 
part of the folar, celeftial, and inert matters • 
it follows, that every fuch body or particle 
muft be furrounded by a centripetal fphere of 
celeftial matter, proportioned to the quantity 
of its ignious concrete, /. e, in a general man* 
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her proportioned to its quantity of matter. 
This celcftial matter, being by etfence conver- 
gent, is penetrative of all bodies ; fire in par- 
ticular, wc have feen, rather accelerates its mo- 
tion than flops it ; and as for inert matter, it hasf 
neither power nor property to impede the pro- 
grcfs of this univerfal fluid. The motion of 
this matter through bodies is therefore only 
refifled by a counteraAion of its own fpecies : 
wherefore its prelfivc adtion on any body, be- 
ing as that refiflence, mufl be as the centri- 
petal fphere furrounding that body, and as 
the quantity of its own fpecies contextured 
therein. So far have we before illuflrated this 
fubjeft, and thence concluded, that the a£tion 
of the celeftial matter preffing the planets to 
the fun, fecondaries towards their primaries, 
or terreftrial bodies towards the earth, anfwer^ 
to the law of the phaenorhena, and is as 4h^ 
quantity of matter. 

But we are how f o obfetve, that ill as much 
as the concave (jirface of the firmament^ that 
contains the ^lar fyflemr is immeafurably 
larger than the furfacc of the fun, fo muft we 
conclude, is the quantity of the celeilial matter 
flowing thro* this vaft expanfe greater than^ 

Vol. II. B b 
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than the quantity of his emanations. And 
this proportion is confirmed by experience^ 
for how imrticafurably greater is the force of 
gravity on bodies at the earth, of which the 
cxleftial matter is the caufe, than that of the 
folar light ! The fuperiour force and quantity 
of the ccleftial matter may be judged of by 
the velocity of falling bodies. Nor did the 
rieceflity of this ftcond fluid more ftvift and 
forcible than light, caufing its vibrations, re- 
flexions, and forcing it through bodies, efcape 
the fogadty of Sir Ifaac Newton. (See i» 
Qticry.) * Is not, faid he, the heat of a warm 

* room conveyed through the vacutun by the 

* vibrations of a much fublil'er medmm than 

* air ? And is not this mediurn the fame with 

* that medium by which light is refracted and 
•reflefted, and by whofe vibrations light 

* communicates heat to bodies ? And is not 

* this medium exceedkigly more rare and fub- 

* tile than the air, and exceedingly more elaf- 
^ tic and a<&ive, and doth it not readily per- 

* vade all bodies ? And is it not (by its elaftic 

* force) expanded thro* all the Heavens, &c.* 

This medium he confiders as the caufe of 

light's refradtion, of which he treats in his 

izth Prop, zA'B. of Opticks j for hefa^w k's 
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neceffity^ tho* he had but a very imperfcd no- 
tion of its nature, neither defining it, nor 
(hewing its fource or propenfity, but concluding 
the prop, thus ; * Whether this hypothcfis be 

* true or faife, I do not confider, I content 

* myfclf with the bear difcovery, that the rays 

* of light are by fome caufe or other alternate- 
^ }y difpofed to be reflected or refra£ted for 

* many viciffitudes/ See again his conceptions 
of this medium and its velocity in his aift 
query, where he feems to have approached to 
an idea of our celeftial matter, but was divert- 
ed from it by a mifmt^pretation of the unu- 
fual refraftion of Ifland Chryflal ; which, with 
his fuppofed vibratory ether, the natural off- 
fpring of particles doubly endowed with at- 
tra£tion and repulfion, was a bar to his arriv- 
ing at the difcovery of our celeftial matter^ 
which is nature*s real, univerfal and predomi- 
nant principle, of which he gained but a 
very imperfed glimpfe in the hypothefis of 
his ether. From the uriiverfality then, and 
nnfpeakable fwiftnefs of the celeftial mattef, 
the quantity of it pervading atiy body muft 
be immeafureably greater than the quantity of 
it therein contexturcd, and thefore the part of 
it that mws with interruption in flowing tbrc^ 

Bb a 
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body, as for inftance thro* the roof or floors 
of an houfe, is fo fmall with rcfpc6t to what 
pafles thro\ as to caufe no abatement of its 
adkion oft the pen m my hand, or on a body in 
the cellar, no more than rf either Was placed 
in open fpace. Hence alfo the well known 
experiment of a piece of gold and a feather 
falling with equal velocities in an exhaufled re- 
ceiver. This experiment is generally adduced 
to prove, that gravity adts on bodies in pro- 
portion to their quantities of matter^ which we 
agree to ; but it is alfo produced as a proof of 
a vacuum ; in this refpedt, we fliall examine the 
ufual method of reafoning on it, which we 
fhail take from Dean Hamilton's Lectures, 
(p. 79). * If the region of the air, for inftance^ 

* were filled with any matter that had no empty 

* poresy let this matter be ever fo fubtile, or 

* c/er fo fluidy it muft ftill have a greater den- 

* fity, and confeqjuemly a greater fpecific gra- 

* vity than quickftlver cr gold ^ fo that it would 

* be as impoffiblc for even the hcavieft bodies to- 

* defccnd in this fluid as it would be for a cork 
^ to defcend in water,, or wood in qwick filver. 

* And fince bodies, which in the open air are 

* refilled in very different degrees, fall together 

* in an exhaufted receiver, without any feafible^ 
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' refiftence, it is concluded that fuch a receiver 

* doth not contain in it any matter that hath 
' either a fcnfible gravity, power of refiftence 

* or vis inertise, or in other words, that it doth 

* not contain any fenfible matter at^ alK It is 

* therefore incumbent on thofe who affert, that 

* all fpace is equally full of matter, to tell us 
^ what kind of matter it is that adequately fills 
^ a receiver exhaufted of air, and to (hew its 
^ properties, fmce it is evidently diverted of 

* thofe properties that are common to all bodies 
^ we know of/ 

This indeed is aa objedion, which might 
have room againft Newton's ether, and againft 
other mechanical fyftems adopted for the fo- 
lution of eledtricity and gravity; but it has 
no place againft oijr celeftial fluid on account 
of the preflive motion and convergent propen- 
fity which is effential to it, but no wife ana- 
logous to the etherial or eledtrical -fluids. Our 
celeftial matter fills all fpace, fo that there is 
not a conceivable point, even at the cojicave 
fujface of the firmament, from whenpe it ef- 
fufes, where it is not,preCent, and \n ^Jpiflitude 

# 

of fubftance equal to the denfity of light at 
the fun*s furface ; for we have no reafon to 
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think there is a difference. This matter there- 
fore 18 in immeafurably greater denfity through- 
out rpace than it is in the compofition of bodies, 
which are porous, and contain their proporti- 
enai quantities of other concretes. On the 
furface of the earth then, or in a receiver ex- 
haufted of its air, this matter is more denfe 
than gold, which is a porous and compound 
body . Therefore concludes this author, // is 
as impqffibk for gtid to tkfcend in this tnattir^ as 
it is for a cork to d^ctnd in 'mater ^ or wood in qmck 
Jilver. Truly if this matter were ftagnate, or 
only vibratory as the ether, that would be the 
confequence. But this fluid itfelf is in con- 
ilant motion towards the earth, and bears all 
bodies down in that dircftion, in proportion as 
it meets refiftence in paffing through them. 
It is therefore as impoffible for gold or any 
other body, in which much of this matter is 
Contextured, not to defcend with it, as it 
would be for a cork not to defcend, white it 
}s immerfed in the falling torrent of a catara£t ; 
find every one will allow that the inferiour fpe- 
cific gravity of a eork would not enable if to 
rife againft fuch a torrent. 


• • 
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As to the properties of this matter, which 
Mr. Hamilton prQn6un(^ it incumbent on its 
to affign, they have bein already ezplaiAed 
and fully proved ; we need okily remark here, 
that it has two of thofe mentioned by that au« 
thor, So wu^ adion and refifience, for it is the 
caufe of defcent in all bodies, and it retards, 
and at length de{lroy4i all the motion of an af- 
ccnding body, tho' it fliould have aH the im- 
petus it could receive from a cannon royal. 
However it has not vis inertias, nor is that pro- 
perty effentiaji ito all matter. (See our 2d left.) 
We fhall now conclude with a few con- 
fcdlaries rcfuking from our theory, which (hew 
it's agreement with phaenorhena, and by a 
foundation for pra£tical application. 

SCHOLIUM. 

Whenever one body gravitates towards ano- 
ther, its centripetal fphere muft be contained 
within that of the other ; for we have feen, 
that the zdCxon of the celeftlal matter upon a 
leffer body producing gravitation towards a 
greater, proceeds chiefly from the refiftcnce 
which the celeftial matter flowing to the great- 
er meets in pafling thro* the leflcr and its 
centripetal fphere j therefore, that centripetal 
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fpherc muft be within its influx, /, e. within 
the centripetal fphere of the greater body. 
Theicfore, the centripetal fphcres of the moon, 
and all terreftrial bodies are comprifed within 
the centripetal fphere of the earth: 

, CORROLLORY I. 

HENCE we fee why fteeples and houfes 
ftand firm on their foundations on all fides of 
the terraqueous globe; why the ocean pre- 
serves a fpherical fur face ; why (hips and men 
V^ith us, ^yith our periceci, antceci, and anti- 
podes retfiin all together an upright pofitioi^ ; 
whence the facility of failing round the world. 

C O R R P L L O R Y II. 

SINCE the preflive adtion of the celeftial 
matter is fucceffive and conftant, if we (hould 
divide it into impulfes as time is divided into 
moments; thefe impulfes, on any defcending 
body will be as the ippmcnts during its fall, 
in which proportion itip velocity will increafe. 
Confequently in different bodies defcending 
freely, thefe impulfes will in equal times ge-^ 
ncrate equal degrees of velocity, and thcrp^ 
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fore the velocities acquired by bodies falling 
freely will be as the times elapfed from the 
commencement of the fall. 

CORROLLORY III. 

SINCE the fpaces defcribed by the fame or 
different bodies are in the compound ratio of 
their times and velocities, and that the velo- 
cities in bodies falling freely are as the times 
elapfed, the fpaces defcribed by fuch bodies 
will be in the duple ratio of either the times 
from the commencement of motion, or the 
velocities acquired at the end pf thefajl. 

From the two laft corrolldries, as from ra- 
dical and univerfal theorems, all queftions re- 
lating to the motion of bodies, as well afcend- 
ing its defccnding, as well obliquely as per- 
pendicularly, may be folved, if duly confider- 
ed and applied ; and they may be extended, 

• • • 

varied, and illiiftrated by ^geometrical and 
arithmetical applications after the nfual man- 
ner : a further detail of confcquent theorems 
would not be confonant to the nature of this 
work, which is an invefligation of firft prin- 
ciples, we (hall therefore pafs to the folution 
of the principal phasnofnena and experiments 
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of attraction by cohefion ; for here alTo our 
material principles are the real agents. 

The phaenomena generally confidered under 
this head, confift principally of experiments 
exhibiting an adhefion between liquids and fo- 
lids, and the parts of each. But thefe things 
are now fo clear, from our principles, as to 
need little illuftration. For we at once per- 
ceive the power of our centripetal (pheres of 
cclcftlaj matter in prcfling water into bodies, 
whereby fome are filled, as fpqnges and cloaths, 
others diflblved, as fait, fugar and earth, and 
others only wetted by the water, which the in- 
fluent matter in pailing to their fires attaches 
to their furface. From the force wherewith 
this matter converges to the interiour fires of 
bodies, two contiguous drops of water are 
driven together ; and the centripetal fpheres of 
this niatter that furround drops of mercury^ 
being more large and prompt in their propen- 
fity, on account of the fuperiour quantity and 
. vigour of mercurial fires, drops of that fab- 
ilance are influenced to approach from a great- 
er diftance than thofe of water. But the caufe / 
of accefs in both cafes is the confumption and 
reduction of the intermediate column of ce- 
leflial matter by the fires on both fides of it. 
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while Its preiTure is continually fuftained on 
the exterioor fides, fo as to make them co- 
alefce. The intermediate column of this mat- 
ter is in like manner abforbed and reduced be- 
tween two floating glafs bul^bles, wherefore 
they likewife approach and ftick together, the 
fame of all other floating bodies ; • but as leaden 
bullets are not qualified to float, to render this 
prelTure on them fenflble, a plane is made in each 
by cutting ofFa little, thefe planes being prelfed 
together with a gentle twift they will adhere to 
each other with great force, as will polWhed 
plates of wet glafs, &c. All thefe experiments 
will fucceed in an exhaulled receiver, the air 
being excluded ; the preifure of the celeftial 
matter, muft therefore b^ the caufe, for no other 
fluid fubfifls in that pneumatic vacuum 

Again, if a piece of glafs, or any body, con- 
taining more fires in its conftitution than wa- 
ter does, be immerfed in that fluid, it will be 
furrounded by a fillet of wate r elevated above 
the reft of the furface ; becaufe the celeftial mat- 
ter at that part of the water next the immerfed 
body will turn to the body of fupcriour fires, 
as it does in the formation of centripetal 
fphcres, and entering the glafs by the ftiorteft 
way leaves the part of the water immediate- 
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ly round the immerfed body lefs prpffed than 
the reft of the furface, which part therefore 
rifes higher and forms a fillet, which is prpffed 
againft the fide of the immerfed body by the 
influent matter. On account of this elevated 
fillet round the fide, water in a flender drink- 
ing glafs will have a concave furface, and the 
elevated part will be ftrpngly urged againft the 
fide of the glafs by the celeftial matter, which 
prefles perpendicularly (/. e. like all other fluids 
by the ftiorteft way) into the glafs to fupply 
for its rarefadion .there, and rcftore the equili- 
brium of its parts. This ftrong prefllire of 
the elevated part of the fluid is very fenfible 
on diflblvable bodies, as fait, fugar, clay, &c ; 
for fuch bodies having been for fome time 
partly immerfed, you will find them remark- 
ably wafted and worn under that fillet of ele- 
vated water. And hence we fee the natursil 
caufe thjat we^rs ar^d diflblves the banks, walls, 
and rivetments of ponds, Pitches, 8fc. more at 
the water's edge than under or over. This has 
been commonly attributed to waves and fuper- 
ficial agitations, but fuch waves cannot be 
imagined in a tea cup, where a piece of fugar 
il5 partly immerfed, or in a pift^rn of rock 
fait, in a piece of which I have feen ar\ inci- 
fion an inch deep made all round it at the fur- 
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face of the water in a few days time. And as 
the celeftial matter forces water into bodies, 
and thereby diffolves fome, fo alfo it carries 
with it air^ light, and every kind of fluid that 
falls in it's way, for which reafon all thefe col- 
ledlively we have called influent matters. Light 
is particularly fubjeft to its preflive aftion, 
whence the real caufe of its refradlion, and of 
its not palling thro' bent tubes ; for in its paf- 
fagc, it is forced into the furface of the tube 
and totally abforbed, other wife it might, by 
fucceflive reflexions pafs to the other aper- 
ture. Whence here, as well as in the heavens, 
this matter is the caufe of light's abforption 
^nd of darknefs. 

The adtion, whereby the celeftial matter joins 
bodies together, explains why a tint of ink, 
or a drop of liquid fticks to a writing pen, or 
is retained by a narrow tube, and why a: vef- 
fel of glafs or any other fubftance, being filled 
with water, fupports a fwell or an accumula- 
tion above the brim. For the prefliire of the 
inflaent matter binds the verge of the liquid 
heap to the edge of the veflcl, which, along 
with the adtion of the centripetal fphere al^out 
both, hinders the prominent liquid from flow- 
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ing over, until the weight of the quamity ac-* 
cumulated becomes fuperiour to the force, 
whereby both verges are faftened together. 
For the fiime reafon, the water raifed by any 
narrow tabe^ is by the influent matter fo bouttd 
to the loweft annulus, that it will not only 
fupport a quantity within the tube, but alfi> a 
drop fufpended from it. 

This preiSve adtion alfo makes a glafs bub- 
hie floating in a glafs veflel of water adhere 
to the fide, while the vcffel is not full ; but 
when it \b fo filled as to have a fwell of water 
over its brim, the adlion of the celefiial mat<^ 
ter, being in a direction perpendicular to the 
now convex furface of the glafs and water, 
will force the buWjle to move up to the vertex, 
but not there to vibrate or go farther ; for it 
there meets the a^ion of the fame matter in a 
like tenor from the oppofite fide; wherefore 
the bubble will reft upon the vertex. 

All thefe experiments corrcfpond with what 
we remaiked iaele£krical experiments, and wkh 
the lemmas eftaUUhed ii> the preceding lec- 
ture ; for according, to tlic quantity of fire col- 
lefted in the prime condudlor, fo was the ip-- 
flux of ccleftial matter thereto : and hence we 
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fhould infer, that of various contiguous bodies, 
differently contextured with fires, that, which 
contains moft with refpedk to itis other con- 
cretes, will likewife have the greateft influx of 
this celeftial matter. The truth of which fhall 
now more fully appear;, Let two plates of 
glafs be fo ere£ted in water as to concur at one 
JGde, forming an angle which will feparate their 
other fides a little diftancc ; the water between 
tli€m will rife at different parts to heights that 
are inverfely as the diftances between them at 
thofe parts. For the fires of glafs being greater 
in refpeft to its other component matters than 
thofe of water with refpeft to the other con- 
cretes of that fluid, moft of the celeftial mat- 
ter which conaes between the plates will be 
abibrbed where the interval is fmall by the 
fires of the glafs, ib that little of none of ic 
gels fo far as the intervening water to pre& it 
down. But at other parts, where the intervals 
are greater, more of it will reach to the water 
between the plates, and deprefs the liquid there, 
which to reftore its equilibrium, mufl rife high- 
er towards the eoncourfe, where the preflurc 
on it is lefs. Therefore it will Hand higheft of 
all at the eoncourfe, where the fires of the 
glafs aWbrb all the preffive matter > and the ^ 
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more diftant from the concourfe, the Icfs higb 
will the intervcaing water be, becaufe the fmal- 
Icr proportion of prcffivc matter is abforJbed, 
until it comes to the common level of the ex- 
teriour water, wnere the intervals between the 
plates are fo great as to admit a fufficicncy of 
this matter to deprefs it to that level. 

For the fame reafon it is, that in glafs tubes 
the heights of the elevated water will b^ in- 
verfely as their diameters. But in fine capil- 
laries, the heights of the water raifed will ex- 
ceed that ratio ; becaufe all the jpreffive matter 
that reaches to their bore is entirely devoured 
by the fires of the glafs ; whence* we might in^ 
fer, as perhaps future experiments wifl prove, 
that the weight of water, as welf as that of 
air, depends on the adkion of this preffive mat- 
ter. Again, when the tube is very wide, the 
height falls very (hort of the above ratio, the 
internal water being preffed down to the com- 
mon level, except immediately round the fur- 
face of the tube, where the prieffure is diverted 
from the water to the glafs, by whofe fires 
the preflive matter is more confumed, and to 
which therefore it mud flow with greater pro^ 
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pcnfity, to reftore its equilibrium j whence the 
elevated fillet fpoken of before- 

In all thefe experiments, the fires of the li-^ 
quid were inferiour to thofe of the folid, and 
therefore there was a greater influx of the ce- 
leftial matter to the folid body ; let us now in- 
vert the cafe, and we ihall again find the ce* 
leftial matter follow the more abundant fires, 
as clearly as we perceived that propenfity in ^ 

the experiments of ele6lricity. For- let the 
fame plates be eredted in the fame pofition in 
mercury, the phsenomena of elevation between 
the plates will be entirely reverfed : for as a 
piercing . ilream of air will flow through a 
cracked pane of glaft, a crevice, or key -hole 
into a warm room more forcibly than thro* the 
door or window, when open ; fo at the fmalleft 
intervals between the plates, the celeftial mat- 
ter prefles with greater force to the mercurial 
fires, which are in that fubftance greater with 
refpedt to the other concretes, than they are in 
glafs. Wherefore the current of this matter 
now rufliing to the more vigorous fires of 
mercury in preference to thofe of glafs, being 
in greater quantity between the plates (in refpedt 
• to the interval) at or near the concourfe than it 
. Vol. II. C c \ 
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is at greater diftanccs, is more condenfed and 
ftraighlened at thofc fmaller intervals, and there- 
fore prefles down the mercvwy morefordWy there 
than at the wider ones, fo as to form depref- 
fions of the mercury at and near tht concourfc 
correfponding with the elevations of the water 
in the foregoing cxperimeniC. For the fame 
reafiOR the phaenomena of capillary tiabes, when 
mcreury is employed, arc the reverfe of thofe^ 
when the experiments arc made with water. 
Whence we fee how^ the fame primary caufc,. 
tho*^ a£Ung according to the fame law and pro- 
penfity, will from difierent Qrcumftances pro- 
duce oppoiite phaenomcn^. Here the dilBfcr- 
ence was only, that in one cafe, the iuid be- 
tween the plates was more impregnated witb 
fire, than glafs is^ in the other cafe» lefs^. 

A column of mercury wilT be fufpendcd to 
the height of 60 or 70. inches in a narrow glafs- 
tubc, altho* the preiTure of the air will only^ 
fuftain it to the height of 3,1 inches. The rea-^ 
fon of: which is, that in this cylindrical tube, 
the influx of the celeftial matter is alike forci- 
ble at both ends, and produces a countera^iour 
befides the folidity of the mercury ia^ fuch ar 
tube being very fmall m refpcft to ks forface,. 
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\(rbich lines that of the tube, it's fires thus ex-^ 

tended and confined, may be confidered as the 

concrete fires of the glafs f but more confump^ 

tive of the ceteftial matter, which to reftore 

the equilibrium continually deflroyed within^ 

will in paiTmg thro* from all fides bind this 

mercurial core to the glafs, as it bound toge^- 

tber the meeting verges of the glafs and heap 

of water in a f(^regoing experiment. In like v^ 

manner, water may be retained to any height 

OF length of time, not indeed from the power 

of it's fires as here, but from their deficiency '■ 

in refpe£k to thofe of glafs; whereby it efcapes 

evaporation, and remains confined without 

any influx of the air or celefiial matter, which 

may be further illuflrated in the fdution of 

another curious experiment. 

Let a drop of water be put into the wide 
end of a conical tube, but fo large as to touch 
the interiour periphery of the glafs all round^ 
and the drop will flow to the narrow end in 
every pofition. For all the celefiial matter 
that Ihould enter at the fmall end is entirely 
abforpt by the fires of the gjafs, fo that none 
pafles to the water to prefs the drop from that 
end I but at the wide end enough enters tp-^iSI ^^ 


C c 2 


/ 




\ 


388 ELECTRICITY, 

on the drop, bcfides what the glafs confumes 5. 
wherefore the drop is forced, and muft flow tO' 
the fmall end and reraarn there. On the fame 
principle alfo is dearly explained, that extraor- 
dinary phacnomenon of capillary tubes, quoted 
in the Phil. Brit. p. 29, v. i. where much pains are 
taken by mathematic and mechanic reafoning to 
yefolve it by attradion. If a large bored tube be 
at one end drawn out into a fine capillary, fuch 
a tube filled with water, and then inverted in- 
to a veffel of water, will retain afl the water fnf- 
nended through it's whole length, if it does 
f ot e)jceed the height to which a capillary of 
the fame bore will attratft it. One ftiould ima- 
gine that the capillary, tho' fmall, would ad- 
mit air enough to prefs down the water to the 
common level j or if the paflage were fuch as^ 
would not immediately permit the preffure of the 
atmofphere, at leaft that in procefs of time a 
fufiiciency of afr might get in to prefs down 
the water. ' But the cafe is here as in the other 
capillaries, all the c^Ieftial matter that comes 
to the tube is abforpt by the fires of the gla(s, 
except what fudi a bore will give a paffage to 
without interruption;* and in as much as this 
is Icfs in quantity and preffure than that on the 
external water, fo much more elevated muft 
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the internal water be than the external. Thus 
wt find in every experiment what we fignified 
in our theory of tides, viz. that where the ce- 
lefiial matpr prefies leaft, thQ-e the waters 
will be moft elevated^ and converfely. Hence 
«lfo we gather, that the celeftial matter that 
blends with air is the real caufe of its preflure; 
for every one will allow, that air is found in 
bodies and places, where the pores and inter- 
ftices for its ad million are fmaller than the 
bores of capillary tubes, or the fmaller inter- 
vals between the plates where the water (lands 
fo high. Confequently in a length of time a 
good deal of air is admitted by the fmalleft 
capillary -, but -as the water ftill Hands fo high, 
we muft conclude, that this influent air muft 
have loft it's weight or preflure: and how can 
this be unlefs its weight or preflure depended 
on the celeftial matter in its compofitibn, which 
turned into the fires of the glafs, to reftore the 
equilibrium dcfttoyed by their confaraption ? 

To affign a phyfi9al caure for the firmnefs 
of natural bodies, is a fubjc£t which natural- 
ly prefents itfelf here, and ' which has ex- 
ercifed, and indeed baffled the ingenuity of 
philofophers both ^ntient and moderq. To 
convince the' reader of this, it is not necef- 
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iski to mtumerate their vtirious fyll«ms ; Sir 
l&ic Newton's authority \rill foffice. * The 

* parts of all hotnogcncal Bodies C&ys this 
"^ great man, ^tft qu.) which ft>Ily||paeh, ftick 

* together very ftrongly. .And for expkin- 

* ing how this nday be, fotae have invented 
^ hooked atoms, which is begging the quef* 
^ tion \ others tell us that bodies are glued to* 

* gether by reft, that is by an oecult quality, 
^ or rather by nothing; and others, that they 
^ iltok together by confpiring motions, that i^ 

* by relative icft amongft thcmfelves. I had 
•^ rather infer ftoni their cobefion, that their 
^particles atttaft one another by yj^^./^rrf, 
^ whidi in inlmediate eontaft is exceeding 

* ftrohg, at fmall diftanf es performs the chy- 
'^:mical operations above rnentKnied, and 

* reached not far from the particles with any 

* fenfiWe eflfeft/ Whether this Jam force of 
the author be an occult quality or not, I (hall 
not dctcrmmc -, but frota the futility of the 
caufes affigncd, it appears that no fatisfadtory 
iblution of this qucftion has yet been hit upon 
by philosophers. 

It is knbwn JFtotti experience, that it is very 
rd, If not impdffible, to cltar up any di^ 
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Gttlty that is founded on clumeriQai or incov- 
fiftent principlci. Therefore, before a phUo*' 
ibpher icts bis iavendon oa the ftretch to an- 
swer a pbyGcal queftion^ he fliouid examine 
the reality of the principles the queftton is 
founded on, otherwife an imagination fertile 
in chimericcti fuj^x^tions might carve out 
work for all the philosophers in the worlds 
and tu'oach innumerable queftions never to 
be anfwered. Now the difficulty of the pre«^ 
feat queftk>a drifts from the received but in- 
tonfiftent fuppofition, that all matter is of one 
ldnd» and that God in the beginning made it in ebe 
farm nf bard^ impemirable moveabk partich^ (f 
4irtnin feus Md, figures^ &c. (fee Newton's laft 
quere). This opinion, with little variation, 
has prevailed in moft phyiical fyftems fince 
^Democritus, and after him Epicurus broached 
their atoms and gravity, at leaft Sir Ifaac 
feeipis to have adopted it upon the authority of 
tbe Mfi fbUqfopbers of Greece and Pbanicia^ who 
made M^cmm and atoms ^ and the gravity if atoms ^ 
afirft prindpktftbeirpbilqfopby^ a8 qu. 

But the impenetrability of particles we have 
already arraigned, fee left. 6, where we proved 
light a continuum, and concluded, that the 
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Creator of fubftances was not in the beginning 
confined to any particular form, texture^ fize 
or confiftency : wherefore experiment and ob- 
fervation of nature were to decide bow he 
created matter, independently of the concep- 
tions of philofophers; whether ancient or mo- 
dern. The celeftial matter alfo, from its uni- 
verfality, flowing motion, and efifedts in the 
conftitutioh of body, we have alfo reafon to 
pronounce a continuum. For there is no ex- 
periment to prove the contrary ; and hard im- 
ipehetrable particles of this or any other kind 
of matter Would be as gravel in the fluids of 
nature ; they woiild prevent that continuity of 
iubftance both fluid and folid, to which earth 
and all the other component matters of glafs 
are reduced, fee ledt. Vl. & Vlf, and renyer 
impoffible the perfe£k folutibn of the three ele- 
mentary niatters in' the oils, juices, and fpi- 
yits of vegetables^ which is neceflary for their 
tranfparency. This property is alfo inconfift- 

cnt with attradtion, taken as a phaenomenon, 
for (abftrading from the abfurdity of that 
power) even the appearance of fucking or at- 
trading we have feen to be impoffible in any 
body that has not a power of rarifying fonie 
place for a fluid to enter into by preffioii ; 
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confequently fuch an operation is inconfiftcnt 
wrtb, porelefs impenetrable particles, and there- 

« 

fore overturns the conjedure which Newton 
forms about the cohefion of bodies in the fame 
query, where he fpeaks thus : * The fmallefl: 

* particles of matter may cohere by the ftrongeft 

* attractions, and compofe bigger particles of 

* weaker virtue, and many of thefe may cohere 

* and compofe bigger panicles, whofe virtue is 

* ftill weaker, &c/ 

The figures of particles, upon which prefeut 
writers lay fo much ftrefs in treating of cohe- 
fion and other qualities of bodies, as to affirm 
that * feveral things of moment depend on this 

* property, for that according to the feveral fi- 

* gures of corpufclcs, they will touch by a great- 

* er or lefler quantity of furface, and fo w;ill co- 

* here more or lefs firmly togetlier ; from hence 

* will arife various qualities of bodies, which are 

* the foundation of mod of the confiderable 
' phenomena of nat^re,§cc.* Phil. Brit. vol. I. 
p. 8, that principle, I fay, is alfo hypothetic 
and totally defeftjve; for it depends on the 
abfira£t idea, formed of matter, by which it 
is reduced into particles, a notion arbitrarily 
and raflily conceived. If figure, which is but 
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ft mode of beiqg r^ardiag ofily the furfacc of 
body, was a €auf« <x to^rct q{ qualities, pound- 
ing, breaking., and carving bodies and their 
parts would bt the mofi: dire^ and efficaciow 
means of changing or fuperiaducing powers 
and qualiliesy iaftead of thofe methoda u&d 
by chymifts, dyera, lice, in al[. which it appears 
Ifaat the chaxige or fuperinduceaieirt of quali^ 
ties depends on the lofs or acquifition of tfheir 
fupporting fubftances not oil cbangeiS of figure. 
This alfo appears from the rcfiduum of the 
rofemary leaf, (left. 4.), wWd) retained all its 
fibres, hairs and lineaments pcrfedt, as to figure 
and form, after that violence of Ure which exH 
cited its own concrete fires to ttcp^d and 

break from their fetters of celcftiil matter that 

t 

gave to the leaf firmijcfs, weight and confift- 
ency. For the luminous matter thus rdeafed, 
expanded and flew off into the air, carrying 
with it dafticity and all the lively powttra of 
the burnt body ; the celeflial m^atter thus lo- 
Cng the fjres it bad cottfified, which bad 
been the fcaufe of it*s own ^noentraiioa tn 
the leaf, alfo followed its own propenfity 
and defcended to the earth ; aftd the inert 
matter, in whidi both bad been embofomed 
ff^ and contextured, retained tbe |)erfeA figure of 

the leaf even in the moft minute and undif- 
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cernibk parts, but without qualities, which 
ihews that figure is not the principle o( qua- 
lities, and that this matter had been in the 
mud: perfect and iminiate folution and union 
with the two continuous fluids mentioned, 
without the polTibility of admitting an undif^ 
folved or diftin^ particle* 

Leaving then fuch conjeftures and hypo- 
thetic principles, which give play to the ima- 
gination, but fatisfy pot the judgment, let us 
confider nature at large. All bodies, even 
metals, the hardeftand firmed, are expanded, 
openedj diffolved aiid reduced to fluidity by 
,beat. Again, fufed metals, and all liquids, 
even water, are made hard and firm by cold. 
,Hcre it is not flat particles that conftitute firm- 
nef^, and round ones that produce fluidity; 
but two magifterial powers that exercife their 
.dominion over all bodies. Now it would be 
unphyfical to ajdmit, much more fo to afcribe 
dBcacy to a quality without a fupportiag fub- 
.ftance. It muft therefore be the exertion of 
:the fubftances to which thofe powers belong 
that produces thofe changes in body. Confe* 
quently, it is the expand ve matter, or light, 
which is a concrete in all bodies that thus 
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opens, expands, and liquifies them, when ex- 
cited and aided by an extraneous caufe of it's 
own nature. And fo it is the celeftial matter, 
which fliackles this do>^n and gives firmncfs 
of texture, that condenfes them and renders 
tliem more hard, when reinforced by more of 
it*s own fpecies, which invades body and con- 
tracts ix's dimen(ions« 

Thefe two primary principles, we have, feen, 
(le6k. 9.) are alternately gaining a maftcry over 
each other, according to the pofuion of any 
given part of the earth, which by its diurnal 
and annual motions is fucceflively obverted to 
each of thefe great agents, whereby all bodies 
undergo the changes and operations neceffary 
to bririg them to the perfection peculiar to 
their nature. This perfection they origmalfy 
received from the Creator of fubftances 1 and it 
is (till perpetuated by the efficacy of the Divine 
Law of Procreation, ftamped by Omnipotence 
on the natures he formed, Let each brit^frrtb 
according to its kind. By the efficacy of the Di- 
vine Word the matter of light, the maiter of 
the heavens, and that of the earth got being in 
the full perfection and diftinCtion of their ef- 
fences and qualities ; and by a like Word, the 
beings of the earth, animals, vegetables and 
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foflils, virere formed of thefe three elementary 
matters. Now, fince the corrcfporrding bodies 
of this day are compofed of the fame matters^ 
to what but the influence of thefe elements can 
we attribute therr growth, encreafe, properties, 
and perfedtion ? For it would be abfurd to 
imagine, that God is continually creating new 
matter in the growing body ; and contrary to 
experience to affirm that the fame body conti- 
nued in it*s pcrfeftion fince the Creation. 
Therefore, all bodies are generated, grow and 
come to perfedtion under the influence of thefe 
elementary matters, which, being their accretive 
fubftances, and endowed with eflences adapted 
to all material functions, give to bodies every 
confiftency, whether hard or foft, firm or fluid, 
according to the decree of formation and pre* 
fcrvation pafled at the Creation. 

Whence then the rigid firmnefs of oak and 
of ftones, the fufibility of metals, the fluidity 
of water, the hardnels of bones, the flexibility 
of finews, and the foftnefs of fle(h ? How in a 
horfe or ox do the bones, finews, juices, fpirits, 
veins and arteries get their various confiften- 
cies, arrangement and properties, from the 
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grafs on which the animal feeds i Will any 
philofophcr pretend to explain this by the va- 
rious fizcs and figures of particles ? No nor 
(hall we, with the real and univerfal principles 
of nature, prcfume to explain this otherwifc. 
. than by the mandate of Omnipotence, that all 
bodies which at the Creation He formed in full 
pcifedlion, /. e, adaption to their refpe^vc 
ends in nature, ihould conferve that fiate and 
'nature in fucceflion to the co^ifummation of 
ages. If then a . philofopher will enquire, by 
what roechanifm the agents of nature dilpofe 
themfelves now for the produdion^ of the va- 
rious confiftencies, fizes, forms, and organiza- 
tion of natural bodies, we muA remit him back 
to the period of their Creation : and as \io 
muft allow, that the Word of Omnipotence was 
the diredting principle of their forraatian out 
of the created elements, fo he muft admit the 
Came word of efficacy to be the governing 
principle of their renewal and prefervation 
in texture, confiftency, organization and 
diftinftive properties now as well as then. 
This is the voice of revelation, /& /aid ami 
they were fna4e \ He/aid^ kt each bring forth ac^ 
cording to it's kindf and it was fo. Thi^ i& 
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the ultimatum of philofophy, which muft be 
founded in the knowledge of God, or it has 
no real foundation, and muft terminate in 
the acknowledgment of GOD, or it terminates 
in Chimera^ 
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ERRATA. 

Page 1 68, line 24* for Wlufloii*s read Gregory^. 
178, 1. 5, figl 2d. read fig. liL 
207, 1. 1 3, fig. 3d. read fig. ad. 
2o8> L 13% fig. ad. read fig. 3d, 
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